


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 
1987-06 

An expert system for logistics force development 
Chadwick, Robert Lawrence 


http://ndl.handle.net/10945/22800 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
3 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KN OX appointed — and published — scholarly author. 





LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


eee tl aet ©2239 4:39 aver y*yreerreseeeeee 


LY 
4 
« . 
‘ . 
a ' 
' . 
. 
LY 
i : ob 
a 
‘ 
A er . . 
O 
' ay ee 
, ‘ 5S 
tae ai . 
O . 
. 
oT 
CS ' 
+ . 
. 
‘ Ly 
. 
i) My J 
Ce ‘ 
. of e e 
. Oe 
C7 
n . 
Ly . 
ry o 
tf Ly 
» 
o 
bd J 
. ' 
e Cet 
i 1 
o o 5 
bY 
an) 
. oe 8 o 
o ie 
ve "es 
. od 
. A 
D Oo 
D - 
iy fant | J 
. - Fs 
. 
. . 
o . 
i . ff . 
+} Cf i e 
ry O J 
fy Py . 
. ay ’ 
es + 
- bd CT 
‘ 
a) 
® i] 
. 
. s 
. ‘ p 
. ¢ 
ad ied BT 
' eer ar? 
AT tad) 
Pps Ps 
ie, ade ogaed. 
bon 
a . 
ere 
en 
. . 
Oy e hd of 
ry ® 
7 . i] 
o 
Ao . A 
s J 
. ed 
Pred . 
7 ° 
° a = . 
a . 
td oY 
aa od 
n ‘ 
. . ’ 
a 
* a i] 
. ‘ ar 
. ° 
. * . SY 
* 
an 
D 
2 id 
o . 
rf 
3 a 
A 
. ) ° 
. 
Ss ro) 
. = 
« . ‘ 
ve 
r Pf 
. 
4 ’ 
n 
n 
«? A to) 
. p 
v8 
of . n 
. 
‘ p 
' 
id oy 
‘ 
S 
* 
Ff 
. 
‘ 
a 
e 
of 
a 
. 
A 
. 
es 
° 
. 
° 
nd 
. 
. 
1 
ed 
a 
, 
r 
* 
e € 
. 
cf 
e 
id 
° 
Po Cin) 
od Cd Ie 
e e a Pe 2 dads 
24 Ys 
. ee 
r Phin 
fd bd Pi 
° LJ a2 
. 
Ly - Ld ro a. 
ty ‘ 
fy a 
ry ¢ nd 
UI n ® 
e co 
e a 
[ nd 
. 
" 
rf 
i: e CY 
’ . 
# bel 
, 
of £ Py 
> a 
Oo s 
Cy 
| a 
9 





Se 
a cd 
LY A 
. ra 
b S . 
ra) 
f 
Y 
1 
1 
cf ed 








Cpe eT TL Lh pester peo Tr Y 
Be Tre tot a rid pak Sean eaelegiar Aer Ree a TO he caer TPP aY V9 
J 


mrt ss 2 Oe Loa Pps errr Oe OE iter hos 
ET ane I ee TED 
eet Oe ae 


ee MEP ee de vad 
prrwe =) a inal “4 = 
ee ca) We te ahd 


Ae Tt te pare PTA 
Py ro Wo peer yy, | Pe OE Oe 
A eT ee eon Pe ee ara greeny: re ane 
Pe perry PITY, cw ear ery 
ee Le % eres 



















































































































































































































































































































































































































































































































































































































































































































































































Pad 
= 5 
&et 
U nts Ee oe! Pre me or 
= Perey re ee el Per a loc ten Th ee 
Fi ne ee a ei tli aca emer we OI err pre ry a 
: 3 are ie Wit Phen he renee RTE Maen er eer re fo 
; epyeerer yer sy Vitra Pee a & POT eda eee er A TR ee meee 
: ria PVN ee Ee oe etd PE OTE TCI lbp eave pes 5 wheres 
n a” a Cr atiy aie tT) PR andias PAP TT TT ehh tae wT Se Ne saree eye rr 
ee © SEL ts Le eaed Pt OTTO LS Te lstethy eT Ee 4. Pe hae 
: HEAT Yr Mn eee is Sy perme wns 7 beret PY DIT Me it treet ope core 
ae 3 ha ca Oe eT? © Oe ak Pp eS Are au PAP Se OT aaeeers Be Le empha 
bs a ‘ ‘ eee a ee eel reer AAT TR TOTS. lat eka tad rrr ere Se RET YN lovveveer etre IPS 
8 . - | Lr, , A ek ee Ie V8 4 wat Pit Pitre tiie Pols Loy eptiace ree PrN Mar IE Le Lr pr SPT, Pe tera Pe ya 
‘ he Lge Cr ee ney on ee ee aT YT Oe ee PATTIE UE ete Pere ere pare py Sew Cn led prprreny tare CO oe be 
D D u ’ a ee ere #4 Wie. we oe r? ie yey ere ee Pew Ft Te CT Ta es Ey eee uni ert eee LS eras ararin 
De RU 2 ee eee Ar ie Wal ie ce Paris oO ee Pore ree TATE TTL oat op a ert Paar Ye Se retary rer a lpia 
c U 4 Ferme Cer yey Me Me oa ry ee ea wre eerie ert Le ee | por er yt te ea Pie ATL Ir Uherserr- Te nT re 
on r 144 a ee he a Pee ee, ee | a4.4 4 & PA? oe ee 7 ee eee ideromchya ay Pee ye wry Ts ey yy heeee. wage Pye ep TY ee ar laltaleati yes 
r5 Fy erie te), rer sere Wy eer ie es hy MRS OAT ET A Mert wed Pe Pa Rte ee et) ae are, 050 78 OMe es cae, bata, anne 0 nccenneasmee tsar 
Py an a ‘ ete ae ams ¢ et tte re We, ROL aah ad wa | AAS, Pwr Ree e Le sp eh Aa ese O Q, Ged Roeeg~ Pies atl iG heer past 2g PTY 
f te ae Pea av of ee ee ek tak Be adah tha! rere ree nad AL Pe ee oe PPE eet abr ay pep pee TT coer oy 
. Poe! : any a Pee Parties Te YS tee pe Wier ee he D-WiAMadind.cd 6 10 be Ae Orr ee 7 FRET, lated ec Tree 4 ee ne 
- ° bh ~ be eet ream & he Ua eet se ORE ORTOP er ER et hod Pret were? te eg aye poopy eee TT Ne poeriay 2 

a e My ; at a Pe i Pee eee i a Art A Su Telag aa bey Par vee OTT rac pre Da Pesaran ene Com 
MS ae a Cee & 4 Se 4 a, oo T*E AeBpe 1Ge4 eve tt ed Pe VE tee ee ed OWT Ce ee liated PT ion sala Pe TT Le thtleetneh re 

o eae Sree te ae we "a rn ere eee re Parte vite i eta la a a Yr ott ead tee ee ee I re ae TAS TT wren ape Cnr SN apr 
ig : ’ 7 PSP Ie nr 1CNlLlis. on al ay ee Ie tan eben ieh lt opees POPC TR WL ee orienta OT ha hole ati Sp re OE neyo a 

a ed ke Pe eT kL Sr a Sad Pwo oe ee eres ke! OT to tates SPT VENT SS OF MLS LL rane rye) Lact PORT ore P Pe occa per Oe Tess 
_.» bie Prem 07. We Cn WE ahaa Wie wee ee ee mee rvr mr tree we ON ee OO ipa aia ern Hoa ae PPT Peel Fao opera he aie Le a anaty 
s ' sin P SO Cd 34 eb agli as is ee ee et aT Pr ee ct hd al Perrier i. Lhd OP ele eee pap ety tee Pere RTT eet  ompe 
5 AP Tt Te Ce oc Po a a Ed acd edn ah oer tN eT Ea potdke o ET e tga aety Fy ee Rt Oe ey © 0 7o9 
i OV Fs ike ° Ue ts Vir ee ’ wer ee oe : tr ee pape PP Pee ee es RS aate OT TTT lent tanes sare ar eer Ee rT eres rary 
r SS a a) O wae , i) were re ern ms et Os ER paneer yt TT LE es REM PY OEE ol. eer ae erie: Pape SNE Oy ROL TY Oday Brae I al 
- sot (eek fot 4 os) Par Oe et ee Pree apepwrwrreer trie tT Tee PP es ee a ememnaassa Ow 5mm 0 ail 2 Se rp 
a ae : rt ik Pere Wepre VE TY i olan ated did Le Pe PO TENT OLS lL iakeetennlartr we Ln diebteenniee* 
. at: er = an) » a'y 8 es he | Pet a kd Pr rye ee Seas eer es ror] Perr Te. hh aed Pe eee 4 is 
<b Oat r a Ok ee a ee Pee yy ee | ry ee ee he edt be TT nl ts athena 7 ere  eddead Oe ot ke 5 
b. 5 a * as nme ’ a) re Se ee | Papen etme Bee Beata epee ey TL Rael OPT. cremate para e TT T herla le Te OT apron aera 
bd Ls Oe ee Se er ¢ aay We on PLETE By ot ost eet ae OI dake nes POPP Tae chee ON ale eer Pn POT ct rel carer armen PIT 
: a 4 | ee 1 ee oe e-«qae 4° Pee eT The ee Pe Pe Te ed ee ad Akh mah Fane red Sey ee PTT Tea len reac Fe ee tae treaty 
; ef . Ph ed FO in OE Ok I Yds Sc Par Ber Y Vite eh Prrere <a L ERS aie ele Gerace a Eee ree NT ei 
. ® Atoat pt ea Pe Ce td Aor er We eh toa te Bem & a erare ri te Nee eet Teale ee eid a cate hid A ain may Ser pn een ante 
Ve bs ‘ Pr Ce A LE fee ‘ ial al ea Pn i ad bd Par OPE yt ta hee bd a! Pay erreer et, TET aL ebinene ry Felt ee ee 
Te ae cd Pe er re on ee Te dad 44 ry ah A A eR hE A Pr TL med hod FT ac ieees 
he i b Fh Ae Tea] bd Pr) ee ee CG weer e tr Lee Pree ee Od Oe, i PP ee ee to Peres tee Oh) De ee dy barnes 
is sd i lit ' ‘ Ce eee ies et apne rr Cen le Per PPTe ee Ti esas] Perl chacaeens MOTE herbal 
ox Ms Pere a tee ae Cera 7 PORT te UD Haar eee par Per tr er Litadbe Re alates 
2 U >and aes i CN Yi NN a e vO Ty Oates Py er nS ta Liew De OT Te TE Lana ; 
Sd Cit Lee 8g ; Jeet bd Lig ; og fre a Tg yy maT ee aad dal dd RR RT TCE Resta ot 
i A bd ee PO a : ’ eG Ge wy pate Sha DBI AAD ove PSE OPN DL oe aie et Pee Pe wr PTY Te et amioed 
bd 4 2 Ve Pie ee ee ee eo 4 Bs Pe herr etme te LB oe Lid ee ad Pry tre ee 
ts .! trout 0 * Oe Py Oe ee & ag adie -aeal Pe eae A et na trie Page ere reny a 
A Phd Pe a 4 meets “8 eet eee | prey tol" Dale. 6! ra Aiarn eee 
J ‘ at ee) Peep) \) vo ers) ate4%,a # ae nl slArAee Ce ee ~ et 
D . he ee Pee ee ae errata er yi oe ik Tn 
ha Ls ant Sadia 11 .* Pa eee TE ed Re ee 
bi ‘ "Lleyn TY CD J Cadel Pe tr ete PPL ea ted a 
ra Tere Sd) Tee ee Or eral 4 afaddone a? ee 
nj Pit Oe paepare A Pre ius oY) PT Te re ha! 
= bee 2 Ag oe MEPs 0h Qin Oe OTT at) ae oe & OLAA Pe uu er 
° » * A eee ee ee ra tT a Perera ct ity POTS tab ohads or fafa. oom 
= « arevesr 8 Pe eeu Py Lt ies A 
‘ 7 Par hd Se) A PRT ier ho. OM ba I A , Perv ry C Pn beeen 
ee a1 0° CT ths uetajiepe & nfagecee 2 "ahs PARC SOT NT i le tte hy aan 11 Ame Qe 
st. tee se as yee et afo ati “tier a Pe ry errs mel et Pe rT Siete 5 
. oe ee te Ord ar ee Te th tas a] pa Ter ee Ree oe gama ra 4 © nese] 
ny hai ae a as yt Pry eee | F rrr rr Rhea be PRT Ee hated PRE sete 
a oa RN TAee aria SL Yh a) Cee ade eo ea) Ea aa ew con a ry > rab Conon 
2 ” Par ed Qe Pores ae Pr ee ay et ad a) Se 
i a) ary ce. " 7 Pee io. ee Leh bbs ats wes? 
Parry, We et os Ne? EL. Sealing ng em aes Pert? yh ete ee ee as 
hi Ae ne ek Bie Sey he eer y ere oes k Pee te Peo oe eT ieee leat 
ae poe PET OE ele ot Miho ty aa EM valac*} re TCE diab ett 
Pe ee er WU TL Vo aa baht eet St 
ie Tp mere mw, FT pegetnrare aw Al ems Ass foe coh 
er ee, ee Di el, retary) Cee Lac Poe 
Lod ks rT Ue a ar 4 Py Te tera Teeetebdhe . 
of Pan nn In we ads er toh, yi bd oe 
od Pr re ee 2 Pee et RY ae utd) Pee ener ce 
: Sty ae eee ee, a Re deere oh Oh met Peper ice beee Sree pee ee a hprerat sg ee 
" Ae tt on ea mee rere ee ar ett ee hd er tee Lc. Coe a a . 
cS TAN eter terete PP ay ed ca ie 
~ hy dgovtr hi der 
. . CT ‘= 

. »? a) | A 

i . ee . a) [a a} awn 4° Get at ’ 

ca ‘ . a @ Fi,e Cre eer ee ee Dd 

eg te Pe ery etet ad atta ® a as 4 a 
ay . 10 ef 5 t : tpepia dh rpert b ad pie na heg pays ae 
. 8 d Cy #, «fap 3 Shaliemd AT Akea niet at eteato ee pare = 
«2 Pan as s . PPT tite a ee hy he rt pot Te ied 
Pais A fe 8 reer iT ator Rei pe Seat er eee 
Ca fe a GO eee ibs caghthi 7 i Shbobs4 
Per A Pa A PEO tion es ee haa) f re 
18 o i Pe 9 fies Teh agizert egy 1 Abe 
to . of 8 ' PTL oe kA phe'st gitar: sales Pape 
R . Che * ¢ Pie Herik ergs TCL Tab fools Pe ope re 
° . . Ae anc abe ELON ESM ast Pent PAP des a hn Sbpenigte) Feria 

A ° at @ org am * nar rT iets Pete te Djal ie ate TS ES tlle iateyc } 

7 oe er Naan bE Re 9, he ERAS - Para eid eee bode rn 
Tee ry Fr ee ed et oe eS Ok en Radley 
a Se ao pont nb hal TEE Long RRO EO 

. PO ed nde Wie Fe. 01% UG* ipo 
Teed he 
' . = ™ ribet ar st 
* od D Py as barca ame, 
‘ et i i Pee 
‘ a pre ee Ls Ba peed 
Pa a” dhe ace 5 
Pa . a ie AP Ok beh ee 
ous Ad 5 a Pr 3 oa oa 
bs rit if site a ee A Ar ee ed 1 ae oy 
ry . tie oft Porn bce . ett ee Pi arn 
id Pai 4 Wetr o Vint Pr Ceti cS a 
a - chro eet CO fad Ton Oy ee | eee he hd J 
. be Cotes ese’ ot fae pt CC EN FS, 88 f 
n nf be | rere so 23 ee Po Sa 
® Pan Td Aydt wth Ue teT a9 bee ree ot he 
. epee Sete yee 
' = Marra OLE ony ae 4) 
b b . eT Mens as ne 
. th ie’ Wiley 
et ath Sid a 
eee ht ee } Beh ashes 
- : | PPh (ie pene Te ee 
P eer er EPS ieee Fre Sele 
o Rate ArereT st sas SS 
: be? eas red a 
¢ HOTS 
ee errr s tis sea 
¢ rae the Steak hee ah 
ar es bath peste 
e 7 se? ot eT. Reh eh tm = Se perar cae ee ee 
3 DO ULE Stat AL Done Let aS Pe ee E So eh i each 
. Pn tl od eee Ye is 5 pel perenne d! 
o Pa aa PRE ae 
‘ Ee xs ears Wee 
ee Te Red Sore TT ae 
ret x oe Por tart vee eee en ee Ss beet 
= a arti tk kete ht Fr ot ET eco fb PB 
aa Td ts Lad pe ete 
2 A Bie 
: a rye * A ale vd Aes Eh pacha id b it ee wt Ce 
: . SRO AT Eire ced rik tg! Spite Le Pe brett ots hai 
ee ae ve ASS bie Vita, ye hat HE STO Ea ae ere ies te ; eben be a ape ei 
’ BL ier TE Pe ais De aL Pal ah eas tn aarp Sap ah? Te ae 
: aL ye, <n Ie oh Soe ote fe oR) TTA, pS NS eBid hay eal ae 
o . Leper eer nay rete we PUREE» Be teehee ey rap ecp hase 
cf € 4 o ni Pere war ae Par sik sak ret sire ona attend [ati tae 
’ reels m e. 6 Pree a: ae) ee oP Sire ot ahs 
¢ a U PT) ee a OD PR ste edd 
t Cr a ro = Pan ee ad be Ae Lid ale wes 
ee Pe a dl) erarEge Ah° PP eas 
 e.Wrst 7 We SE dl 
og? fu eeetti' me caere oe 
od oe chek 


Pet 
nepety “St AMY. 
Pa, ba a as 


gt OPE? 
2. 

; Pe A els kd pet 

Sake he bake ied 

a 








eyeeveeriye: 








; beaded et thts 
ee m5 o_o ee 
Se a ts 





a eT 
this RIE? ek hots sed 
REE MRIS TT Pee er teh oe eck 


Spiga eA NE A RT Sex talk ihe RRL AA 6 
ae bey al egies re 












ee ua Ps val a | 4 Ad ed 
PS dt ae to el Pe ULES, 
gaunt ereeqeseet''? 











































lt aed de a) 
Lh Hod H + dat rT LY iL 16 latal rh Pi eh be a 3 ipettbie Fe eons 
* ry a me Cr (Ae dae bed SF ae CPi ong eg eet tg- ey ahd toy as aS — 
Cy a ee bie Bef Pe pass feet et I St ae 
Pied ra peers tire thd Peek ae bee 


rT rd rT a PAL a~ ~~ rvs . 
¢ pirtencter aya ce sie tte # ped death ds ih 







































ere 0 aol’ Te stdin F 
Oe a ee ANT ORM Me STORE gay pena 
” af se 4 cy grove PMT at ld Con a ide ? Y Be ety red ek A 
os Mt . Te WL ad eT 1h ed he Sa aw we ens Sab malar ne hi 
td ta OT a alata ld woepoeyias #, OT hhh a Keds | jw" rf " <_< 
ee wore? sory sr? ogee ferioriTt Fr dled te aL ai r 
vf ayaye ey y Fiat ga: ee ee rrreeey Sore ee tant ore 
wd vou? ¥ MC dt ai Sl be wea ow peuvent wok Bat 1 Pe OCs GIT 
ba Lt ed Oe ed lee el goee oye oT wipe ap ottasseversg . on) ee ee oe 
abe lp 8 pies AONE ES Seite wees, le 
f iy ae Pe Er iat a ah i ert 
* agee Thi, Daas bet Pe id 


yt ee fa 2, ee 
Po om tele oe 





o quengrecsrer ay? VY hes he 
oe Ce ey deen ¢ 
gqernee CCT YALL BNE 


, 





















































@aepeet arr e C7 
bait) WEE Mew ete tae! ae f 
i. eee tyes ee os ere ' ee a etiere ogee 

an PP oe Aa heed es al Mk weryee § 8eek dre ei Ait Bs 
a, ie Pre) pe yen Cie a bh w - i ay een tr Ti a ye Pena meee Ty FL ee aan aide 

MrT elk) at do ad Pa) Pr wermegent pwesye se! pte! hPa nts Oy = bel indo On 
e* wh ena ao tm eo & a oe eh el be geucmnee 70 ECE IEE ype bee up te Len 

ree gyre & 4 e Moe RTS iT tek Pe Li aed PP. beet td bo Rac ee Cd " 
ad Py e Ot eee 1 As Abed) tha «eset po NTO TP ate Lexile te i : 
FI a Ge nd Pee La oe he a tae iene apeenees Sapo 
Aisi od Pe Or Or, Yeo we dal Pe ee hd deh) i Pedal sdk Sea dchadeeenneb 
- PS Le i tT ae Oe reeeneerrw er vs a HI? Lk eek d PL ol ek ode she Siete 
Ps ee a *gewenwe i £4 AE PURO NO ATS 5 Sc ie tees Fs tele Ree ald hk ined etched 
4“ 5h gerre es ete peek Y 9g PTI PONT PNT tae cai ee al ehediaalic ae 
* . we ¢ Pilea Cen 2 raat were pedi tee oe ed Cees wy eer aciea hanna! I 3 
TT oc dle Mase PEGS ewemae it SOT: ok ant th ah cupid fina IT ET Tod nde tte ot 
0 tn epee ere tteea pers age rele Prk TTT She pale a ie ate g eromnere acN 
en ep MIP year le. Prin geneva ogi it Te a ages ne Te i 
of PT ed pen id er teh eal Fees Ric aeeMe enn trate woman AROS 
ee pei qopeer irr ey 1 eier ar ovgn ewe e par Anise Se ceetcetoaboee pr TT ae ahd i bats had de D hettekd 
i TT oe ee tek a BL fain koe Dah lal De tlie 
lapeorsr ey 


A) td Py” ie hen telieded Po a 
Peer ar haat daht ih Oe eT da oAt Ace Mae 
Pe Ee nat iio Pe pan qrveuresest Pe pi sieisnbrnac-fel tee) AI ‘ 
Fe ened ben 4s Anta ah, a alli ot geet WY 9 3 : pepo raced 
agent TERR CNRS ee ea bales cei dried 
Ep enka gt eet ROR EP ETIAE- 9 


Te alt nn tn 1s 2 


PG nl Lined a orate are 

FeUrnre¢ Pade ed ld el ware 

ee Te ad Been ce 2) Semen Pr et ae 
PT AT tc Fd a ea PT. aids tied ded ee aa Lal eed 

i - Pree ok Ie poll ts hiliidl wt ee ewer eT ete TLL oh) bt hee Dyes ie tennant plone eae 

PY i.) 2 a de nC doa A att A Na dd er kee ita Takeda POETS Lia yannee feite é dt pperllctth 

Oe adel | ere © erent ey ie eked ely eds + ewe Deh eR tR ETA tit ae tans hd sieht et sak tial 

Pht me ant Als dit send gris 0. Oo peeren tf [Aw TT 1) eld Sedhg Te ie aed Pe a i ebtled re 

Be nk eked ante abate NO a hade Mpa cetera y ofa oprah ence tial Pde 

, PN. te ak lies SPT ial hi bitte aa CS eh lnahetadel Os aphid te erhabad oma 

7 pw army? eet Lal ne ce petpncareltiseds Aces | 











2 ee 
sa bedi) de A 
a 

ev ctr 8 
) ‘ 4 8 arsees 


’ ad eet “r 
‘«“ 








ro FE RRT CLOVE EO EM eine 
. os om ee ansew = “Rept tn Ps 

isa ees ti prey aw 
bah Jaf Lue i a te ad ail 


su reg ote ee . 
NETS eth vee oad P ph fete a 
bp apiece veeda fh pe TS lietih iedan th dahl en r 
a4 a) Le nce tS Se ad RF eT as bali abt gu- bir 
yt Ce a aed baie hh ie. ad blietht ’ Be nih bteltnd oil 
pe OL ee attatched Po tae add sews nytee ree Od ceed eeah et ati 
rp ns Mt ee as bid af s rT i) ss Se adapted aside 
Peer rw tae y, ny a ed 
poe 15970 BI oe et wd | bites 
FN a he kl a Lo be pepe we er gig Tek qgaeyee', Gey a peg 
De ihn tia) + St baal aa aeted eT a LX dation ie li nh hh aibllier Ch. 
ad ews easter) Pt Tas pa cn ane 
bogwgew  @eene Se ee Ake 


€ 7 Sa , ad 
Ld | alia a a a ae ad “a PTY sll lliiel t Ad ones oe ene eee 
Pr Gee, ee ok ae sadineal ae eT alo 2 wedead bs Se btn baa c 
psi Te aah nannies 


Tl 
G 
od 
= 
Pi ee ba ae Pret ase Wd Paty od ire lial Pree r rie rte TL Lt, aE) labial 
OT, bans phd eee Ad TE iL shdeh tela PAP OSL SONS Chechen nari poraldniaaetiat>) 
we ot Mo gree Patpyerparcsé Pe ka, arypregt eos EF PP etl a isa it aero fay PM ed 2, shite OT os belalinelaaciel rs 
ah Se RT tenor ene Et te caret Aaa teeth eae eced ete siren Ss 
at sol Ne lie sat ow arte ner te wr z bs 2 od 7 
x orn dst itary VOTE We asad il ea enh be paaaneln tl Siete aeorennyeencnnneet aod oR 
ee corer et pee eT ie 3 gens _ ; ae BR carta este penn a derereet het oem tele yt Sacha so hene h e P  acentin de 
vie rnin toa pp Race eee epee : oh 
Ferd hacia eee : Eta my nee PRL ee ST bh a tieahtehda 


A i 
he ees ty ee Yh) ee Ae ’ hae ST stall dd et pede AL ALT sbi 
a4 Te cio nent kt cededadetpe hate Pir her rR IS Pe Adcdddieetel al Tp hed eiilililettd “ts 

Py ee es Bh gare frie wiry eee ae dg Mae ts an SOTINy Sian ghepn tention elie ee pate Badin fue 
a f nS ; lh fe TT a baapnet each Le 6 aha D eT EA enh cmiba tae nti wlisepilaileia eA il sven ema 
(er ¢ Att dlls Te bak che Sole adil a Th bk aoe a heise Cr al Lh eliotn Pape RN De epee eneneet 
rn Pi PT Bs Atha S Didhabe stihl wenn =! at TT paptedouceietne ted i 
o eon v sys PAN ara ert UNE ye em le Lk Abd hee : , ayteewetye ape nr A ied 
¢ , Pe ST 2S Lady pa nT ted pal ikl tak tibadtebh agit 4 Dike cee ameyeee 
Ae RT ad sir aks tad is BUTTE Piet Pee ek ae Lobe bal diel a dyn Fo ha a tee Ri 
- (rn } f - yw wre perp gen © Sor or neers Popes baht POPOL SS operant Lad atcbedilg 
a mares SEP A, AOE ET IG FF Se i beetle aoe ee yong ya's EET Lhd hati x RS eke 

hp ea ea ee ag be tad oh Odden ol exnrae ; Reach (is 
Se pae-t PH Pie Le aes kita a a oI Dpecenahittt itt ning 
[ 









Peer ahd feta 






















« 
F 
Bs 






re 


ik 
a a ie bet ids 
















. Z _e 
n ts rw . vad 
i Tre Lh ad re ie | L ae 3 sagen ew OE ee eee 8s" ENE 4 pi 
:, r S nl avy, te | prea’: 2 WMP et Pe es LT alah che oy wit y What eee Leese” Lohid. Badia 
a fate aia es ea oot Ae SN ra aap an nh? Pe packs enn east pn reeneaneapeeta int 
id andi fe = ae peg west er Pa . ere Re eet Attia tS ae dereabes Coy Ls bene vine pen tis a 
ee i np Ds pk el ill i hee Se Es Lh dial tell ee bey 2 2:2 fied [cha Eh gehen 
e, if 4 . wa "me Pt F af tare arp err en sry 20 FB peter tis Oo had elt TT os papeemriernes tet : ae) Ch talealihs 
Cn Oe a gs Be F i ET at ot stl alse bares Tatarstan ote Fae bpp ee eae a) 5 
rg : acer See jan ee ona ae frend ramarery! vests oa! RAST fart matey inner id Lanai eet ye tee —erey Se enbel 
a hia ibe ee Ee adh ae 1S Saab pm Te i eae pai ddadtd be A bl de fae a ope aes gcd hc en P ie 
z * Se oy Hs ens re AULT Meth all tead 5 ho TT hak En a ES be Re partners tet codaa Sy spie mene tas Be act sa ben pyri ee 
ie rare a Pe ead PIPE TRE os akan 2 A ere OTH F Pichia PL al bth , teal eienhnietr atid paged een TT deheei 
" be a ee ad ds gare AA wMYG Ae % NTT ac th hin is ol Be UR RHE Le Re Laptee ate cy tana apace het ee pete A 
oe aa rr mr ed as ae eS Pe ah pd tthe eee fe ptt ata ori fe ie ea Sie ep ad ape A ah hap dna beatin 
Pot ay) age er ert oat He he lls aon Data fe pote rent ete eer Ca pet 5 yoke pes te eaten acters 
Pay. ee a 8 a rE ake Lis chek ath a ale 4 ae ; Ci aL Sana Ee a ne tsar ppinndet ete Es pedals n eT a boa 
- bs y AS eS ee page ayeacyee  Te of qcowrgeter iat sO Cries ey ea eae ee ofa Lap atin ee ae ee he then ein a 
Lea Lila BO gtk a * ce / PS eed PL Te Sia lt eR adele call hyped eced See Th ihe eil Letind Dirt paper vate 
a opi 95 ER Pe pasha aetna hee tae erat s pb As aide pai peptone ee re 
ra Sd Pee Mp De dln fac Tah aes Seahd tthe gery ae As et yf aie enabeig hentai ase nn ete 
Ld ; reaper, Yt ae s shatibee gigas BET ce lh So ie eames nsea pet netratetaeee Tear bees 
‘= a r ] ‘tg Petes ee as beh ah bell . 
Geis TC Lh Lahde ee Seales anette ect Fe Bade dane 
~® p ‘5 ? hs J 2 
DA eke RED TT ES dati ohne} pak ph earn ethee= 
‘Abin eat hI ST - 
A ch we 




















NAVAL POSTGRADUATE SCHOOL 


Monterey, Galifornia 





a. 31 


AN@ EEE rts oi ol EM OPOR 
HOG roll Coe ORCE vy ELOPMENT 


by 
Robert Lawrence Chadwick 


June 1987 


iimesus Advisor: Neil C. Rowe 





Approved for public release; distribution is unlimited. 


1253166 





unclassified 
SECURITY CLASSIFICATION OF THIS PAGE 


REPORT DOCUMENTATION PAGE 
ta REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS 


miclassiriied 
2a SECURITY CLASSIFICATION AUTHORITY 





3 DISTRIBUTION / AVAILABILITY OF REPORT 


Approved for public release: 
Ceatrwoution 15 Unlimited. 





2b DECLASSIFICATION / OOWNGRADING SCHEDULE 





4 PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S) 


6Bb OFFICE SYMBOL Ja NAME OF MONITORING ORGANIZATION 


(Hf epplicabie) 
Sz 
& ADDRESS (City Stete and ZIP Code) 7b ADORESS (City. State and ZIP Code) 





6a NAME OF PERFORMING ORGANIZATION 
Naval Postgraduate School 







Naval Postgraduate School 





Promcerey, California 93943-5000 Monterey, California 35 9 0S - 5000 





Ba NAME OF FUNDING / SPONSORING Bb OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 
ORGANIZATION (if applicable) 








8c ADDRESS (City State and ZIP Code) 10 SOURCE OF FUNDING NUMBERS 


| PROGRAM PROJECT TASK WORK UNIT 
ELEMENT NO NO NO ACCESSION NO 
Y' 7 TLE (include Security Classification) 


eee mnt StToleM FOR LOGISTICS FORCE DEVELOPMENT 





— 4, : T : = : 
2 PERSONAL AUTHOR(S) Chacdwrekm "Robert lawrence 


| -iy tye OF REPORI I'3D TME COVERED 18 DATE OF REPORT (Year Month Day) JS PAGE COUNT 
bates TS Te SiS FROM oS ie June 89 





"6 SUPPLENTENTARY NOTATION 





18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 
loom Wesmpl dimming, sexpert “systems; force 
development 


‘~ COSAT: CODES 
ae su8 GROUP 


a 






3 ABSTRACT (Continue on reverse if necessary and idenufy by block number) 
The purpose of this research is to show the feasibility of an expert 
me nm tO aia logistics planners in determining the types and numbers of 
B@etetics Unite needed to Slipport corps contingency plans. The proposed 
‘orem represemes the domain knowledge of logistics planners as rules and 
uses backwards chaining to infer the types and numbers of logistics units 
pneeded. Next a chain of command, represented as a tree diagram, is 
developed for the recommended units by aggregating individual units into 
battalions and groups. The system was implemented on a VAX 11/785 con- 
puter using the PROLOG programming language. Logistics plans for beth a 
Beep wt Orps and agheavy “corps were used to’ test*the system. 





«2 DS R'IUTION: AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 
GB ONCLASSIF‘EOUUNLIMITEO (©) SAME AS RPT OJ onic USERS if] 





dT @ % 
22a “AME OF RESPONSIBLE 'NOIVIOUAL 22d TELEPHONE (include Aree Code) | 22¢ OFFICE SYMBOL 
Prof. Neil C. Rowe (408) 646-2462 Code 52Rp 


OO FORM 1473, 84 MarR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE 
it aa a ES 
Allotner editions are obsolete unclassified 


1 


Approved for public release; distribution is unlimited. 
An Expert System For 
Logistics Force Development 
by 
Robert Lawrence Chadwick 
Captain, United States Army 


B. S., United States Military Academy, 1978 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN COMPUTER SCIENCE 
from the 
NAVAL POSTGRADUATE SCHOOL 


June 1987 


Ao Stare 1 

The purpose of this research 1s to show the feasibility of an expert system to 
aid logistics planners in determining the types and numbers of logistics units 
needed to support corps contingency plans. The proposed system represents the 
domain knowledge of logistics planners as rules and uses backwards chaining to 
infer the types and numbers of logistics units needed. Next a chain of command, 
represented as a tree diagram, is developed for the recommended units by 
aggregating individual units into battalions and groups. The system was 
implemented on a VAX 11/785 computer using the PROLOG programming 
language. Logistics plans for both a light corps and a heavy corps were used to 


test the system. 


THESIS DISCLAIMER 
The reader is cautioned that the programs contained in this research may not 
have been tested for all cases. The primary focus of the research was not to 
develop precise rules for determining logistics unit requirements, but rather 
evaluation of techniques and procedures that could be used if such information 
was available. While every effort was made to ensure correct programming, use of 


the programs without additional validations and testing is at the risk of the user. 
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I. INTRODUCTION 


A. LOGISTICS PLANNING 

The focus of this paper is the logistics planning associated with corps 
contingency planning for the US Army. A US Army corps is a flexible 
organization tailored to meet a specific mission. The corps organization normally 
consists of two to five combat divisions; some other combat and combat support 
units; and finally the logistics units needed to support the corps*. Logistics 
planning for the corps begins once an estimate has been made regarding the types 
and numbers of combat and combat support units needed to perform the 
operation. With this knowledge and other mission characteristics , the logistics 
planner must determine the logistical requirements of the force and also the types 
and numbers of logistics units capable of providing the support. (Ref. 1| 

Development of the logistical force to support a corps operation is a complex 
matter. Although there are some general guidelines on how to do this planning, 
there is no specific formula or algorithmic solution to the problem. Quantitative 
factors such as the amount of personnel and equipment, short tons of supplies to 
be moved and handled, and the distances between military units must all be 


considered. In addition to quantitative factors, more subjective factors must be 


*The term logistics units when used in this thesis refers to the supply, maintenance and 
petroleum companies normally assigned to support groups in acorps. More detailed information is 
contained in |Ref. 1]. 


considered e.g., the availability and reliability of local civilians in the area of 
hostilities that may be available to augment the logistic force. 

Development of logistics plans is further complicated because the needed 
expertise is seldom concentrated in any one or even a few individuals. Even when 
the information is concentrated in a small group of military staff officers, the 
transient nature of military service makes keeping this base of knowledge intact 


virtually impossible. 


B. EXPER SYSTENS 

The primary emphasis of this thesis is to explore the feasibility of using an 
expert systems approach to assist in the logistical planning domain. Expert 
systems are capable of using expert knowledge to attain high levels of performance 
in a narrow problem domain e.g., the determination of the logistical units to 
support a military operation. Expert systems also use information obtained from 
experts in an intelligent way to perform some task normally associated with 
human experts. The potential arrangements of various logistics units to support 
corps forces is quite large. Some method of transferring the procedures, strategies 
and rules used by experts into an expert system to determine logistical 


requirements could be valuable. [Ref 2] 


CC URRENT EXPERG@SYSTEMS APPLICATIONS 

There are currently many examples of expert systems in use in both the 
commercial and military sectors. XCON for example, is an expert system used to 
configure VAX computer components into systems for Digital Equipment 
Corporation. It is capable of taking a customer purchase order and determining 
the components needed to ensure the order is filled with a system that is both 
consistent and complete. IMACS, a system used in a manufacturing 
environment, takes a customer order and produces a rough plan from which an 
estimate of resource requirements for the order is prepared. PROSPECTOR 
helps geologists evaluate the mineral potential for a region. TATR is used by the 
Air Force to assist planners in developing plans to attack enemy airfields. (Ref. 2] 

Besides the demonstrated use of expert systems in real operating 
environments, there are some important characteristics of expert systems that 
make them attractive to the logistics planning problem. First of all, the 
development of the system will encapsulate a body of knowledge concerning 
logistics planning into an automated system. This will provide a corporate 
knowledge base of how experts in the field of logistics planning resolve problems. 
As discussed above, the transient nature of military service makes keeping a 
knowledgeable group of experts together for a very long time virtually impossible. 
The expert systems approach to the problem can ensure institutional memory is 
retained. Another useful feature is that expert systems can be capable of 


explaining their actions. Very few people are willing to blindly accept any 
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recommendation without some understanding of why a_ particular 
recommendation was made. Finally, an expert system can be adapted very easily 


to provide training to new personnel responsible for logistics planning. 


Dy SCOre 
The scope of this thesis is to determine the feasibility of using an expert 
system to perform logistics planning. The methodology used to determine 


feasibility is as follows: 


- An analysis of the logistics planning problem was made to gain a better 
understanding of the key tasks associated with the problem domain. 
Discussion of how the logistics planning problem is currently performed is 
contained in Chapter II. 


- A prototype was designed and implemented to perform logistics planning. 
Specifically, the prototype develops the two support groups for a corps 
support command. Figures 1.1 through 1.3 provide an example of a typical 
support command with two support groups. The support groups represent 
the major logistical elements of the corps and as such are a representative 
subset of the problem domain. Chapter III contains discussion on the design 
and implementation issues. 


- An analysis of the prototype was performed by some limited testing. The 
results of the tests are discussed in Chapter IV. 


- Finally, the recommendations and conclusions regarding the feasibility of 


using an expert system in the logistics planning environment are discussed in 
Chapter V. 
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Figure 1.1 Corps Support Command 
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Il. BACKGROUND 


A. PURPOSE 
The purpose of this chapter is to provide a better understanding of the key 
concepts of logistics force planning that must be understood prior to developing a 


prototype expert system. 


B. LOGISTICS REQUIREMENTS 

The fundamental basis for all logistics planning is the notion of consumption 
factors. Consumption factors are based upon empirical data obtained from 
previous wars, exercises and simulations. Consumption factors express the 
anticipated consumption for a particular class of supply that will be consumed per 
soldier per day [Ref. 1]. Although there are ten categories of supplies, the most 
important categories are shown in Table 2.1. Using these factors, the gross daily 
requirements for various supply categories can be estimated by taking the product 
of the personnel strength of the supported force and the applicable consumption 
factor. The gross requirements are then normally converted to short tons. 

The same methodology used to determine daily supply requirements can be 
extended to estimate the daily supply distribution requirements and also the 
storage requirements. Daily supply distribution requirements are the amount of 


supplies that must be distributed by logistics units to the supported force each 
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TABLE 2.1 CONSUMPTION RATES 


Consumption Rates (Pounds per man per day) 


Consumption Class 
Rate Description 


6.7 Subsistence Items 

ore Clothing and Individual Equipment 
47.8 Petroleum Products | 

8.8 Construction Materiel 
31.3 Ammunition 

Soe Personal Items 

Ae3 Major End Items 

0.4 Medical Items 

1.52 Repair Parts 





day. Daily supply distribution requirements are equivalent to the daily supply 
requirements since the logistics force will be expected to distribute the amount of 
supplies consumed each day by the force. The logistics force is also responsible 
for maintaining a certain level of stockage to compensate for the order and ship 
times associated with replenishing its supplies. The corps logistics force is 
authorized to maintain a certain level of stockage which is expressed in days of 
supply. Storage requirements are the product of daily requirements and the 
authorized days of supply. 

It is important to note that the consumption rates in Table 2.1 are not 
absolute constants. Consumption rates are situationally dependent. For example, 
the requirement for clothing will substantially increase in a cold environment or in 
an environment where chemical agents are being used by the enemy forces. The 
logistics planner must consider these situational characteristics and make 


appropriate adjustments to the consumption factors. 


15 


C. LOGISTICS UNIT SELECTION 

Logistics units are designed to perform a specific functional service such as 
storage and issue of a particular supply category e.g., petroleum. The logistics 
units available to provide various services have a capability to provide a 
particular service per time interval. For example, a supply and service company 
can provide rations, clothing, construction materiels and petroleum for 
approximately 8000 non-divisional troops per day. Some other unit capabilities 
are more specific, e.g., a petroleum supply company is described as having the 
capability to provide bulk storage for approximately one million gallons of 
petroleum. [Ref 1] 

The logistics planner must first review the requirements discussed previously 
to determine the types of logistic units needed by the force. Then he must 
determine the numbers of each type of unit needed to provide the necessary 
capability to support the logistics requirements. 

Unfortunately, the process of determining logistics units is not as algorithmic 
as the above discussion suggests. Often there is not a specific formula to 
determine the number of logistics units needed. Frequently, allocation rules may 
only state that a corps force normally has a certain number of a particular type of - 
unit. Frequently, rules for allocating units may even conflict with one another by 
recommending different quantities for the same type of unit. This suggests that 


some form of conflict resolution must be used to select the best recommendation. 
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Besides general allocation guidance, the logistic planner generally has 
established some general heuristics concerning minimum requirements for a 
particular type of unit. For example, the general allocation rules may indicate a 
daily supply requirement for a particular supply category falls well below the 
daily capability of a particular unit responsible for that item. Despite the 
shortfall, a minimum of one unit must be present to provide the service even if 
the demand is quite small. Another area involves the need to have a certain 
amount of redundancy in the logistics structure. It may be desirable to have at 
least two of a particular kind of unit in the event that one unit is degraded as a 
result of combat conditions even though one unit may be sufficient to meet the 
expected workload. Finally, there may be a need to provide a service at very 
dispersed geographical sites. Even though one unit may be capable of providing 
the required requirement at a centralized location, there may be a need for the 
service at two sites and one unit cannot be partitioned into two effective units 
capable of operating at both locations. 

Finally, the logistics planner may have some very precise knowledge about the 
number of units needed on the basis of some existing plans that have been 
scrutinized closely by way of simulation or perhaps have been validated on the 
basis of actual use. In this case actual data may indicate the need for a specific 


type and quantity of units and invalidate more general planning rules. 
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D. CHAIN OF COMMAND 

After the numbers and types of logistics units have been determined the 
logistics planner is still faced with the need to provide command and control by 
establishing a chain of command. For example, company-sized units must first be 
allocated to battalions and battalions are then normally allocated to two support 
groups. 

There are two basic strategies the logistics planner may use to develop the 
chain of command for the proposed force. For the purpose of discussion, assume 
the unit requirements listed in Table 2.2 are needed to support the logistics force. 
The allocation methods used to distribute these units are discussed below. 

1. Mixed Strategy 

Logistics units are classified in two ways. The first is the general 
classification according to the unit’s functional mission e.g., supply. The second 
classification is the unit’s specialized support role indicating whether the unit is a 
general support(GS) or a direct support(DS) unit. Direct support units provide 
support directly to customers and are analagous to retail activities in the private 


sector. General support units support direct support units. 


TABLE 2.2 UNIT REQUIREMENTS 













Estimated Unit Requirements 





Unit Description | Functional Area 






Level of Support 





Supply & Service Supply Direct Support 
Field Service | Supply General Support 
| General Supply | Supply | General Support | 1 ) 
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The mixed strategy provides a chain of command by organizing units into 
battalions on the basis of functional mission only e.g.,supply. Hence battalions 
have a mix of direct support and general support units. This arralgement 
provides a more flexible battalion but it may also complicate the mission of the 
battalion by not focusing attention to a more specific mission. The units listed in 
Table 2.2 are displaved in Figure 2.1 using the mixed strategy. 

2. Pure Strategy 

The pure strategy provides a chain of command by going one step further 
than the mixed strategy discussed above. It organizes units on the basis of 
functionality as well as the units capability i.e, DS or GS. This results in 
battalions with a functional mission of pure direct support or general support. 


The units listed in Table 2.2 are displayed in Figure 2.2 using the pure strategy. 






Supply Supply 
Betta lien Batitcalion 






General 
Supply 


Figure 2.1 Chain of Command Using Mixed Strategy 
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Figure 2.2 Chain of Command Using Pure Strategy 
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E. BALANCED FORCE 

In addition to providing a chain of command, the logistics planner is 
concerned with structuring a logistics organization with balanced capabilities. 
This reflects the anticipated need to have the capability to have activities 
operating independently over wide areas as opposed to being all located at some 
central area. In general, battalions with the saine mission should have the same 
capabilities. This is often difficult to achieve because the unit requirements 
estimated above may not partition into equivalent battalions. This will occur 
when the number of units to be partitioned is not a multiple of the number of 
battalions. To improve force balance, it may be desirable to adjust unit 


requirements in order to achieve a better partitioning. Because of the levels of 
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accuracy in the methods used to determine force requirements, a 20 percent 
adjustment factor was selected as the acceptable threshold of change for this 
thesis. Therefore if 15 supply and service companies were to be distributed 
among 4 supply battalions, the recommendation of 15 would be changed to 16 in 
order to allow even distribution of 4 units per battalion. It should also be noted 
the balancing is done by individual unit type. Two battalions must have 
proportionate amounts of the same type of units in order to be considered 


balanced, not just the same quantity of units. 
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Hl, IMPLEMENTS Oke 


Ages \ STEMS ORGANIZAWTOn 
The architecture for the logistics prototype is illustrated in Figure 3.1. A 
brief description of each component of the architecture is described in the 


paragraphs below. 
The collection of domain knowledge about logistics planning is contained in 
the knowledge base. For the prototype, an example of domain knowledge may be 


a particular rule used to determine if a particular logistics unit is needed to 


Support a toree 


Expert System 


User Inference 


nterface Engine 





rigure 3.1 Systean Architecture 





The inference engine contains an interpreter that decides how to apply the 
rules of the knowledge base to infer new knowledge. In addition, the inference 
engine contains a scheduler to determine the order in which rules should be 
applied. |Ref. 2] 

The user interface of the prototype provides two major functions. First it 
provides the user a means of updating the knowledge base with force dependent 
facts. This allows the prototype to tailor the logistics force to a specific situation. 
Secondly, the user interface provides the results of using the prototype by way of 


an output mechanism. 


Bee waAtA sTRUCTURES 

The list and the tree were the two essential data structures needed to 
implement the prototype. Since the prototype was implemented in the PROLOG 
programming language, use of these data structures was quite convemient [Ref. 3]. 


ieee ists 





A list is an ordered set of elements of finite length. An element of a list 
can also be a list. The first element of a list is the "head" and the remainder of 
the list is the "tail". The examples contained in Table 3.1 illustrate the 
representation of lists in PROLOG. 

The list data structure is provided by the PROLOG language and the 


language allows the easy manipulation of lists. Any list can be represented by 


(X|Y] where X is the head of the list and Y is the tail of the list. By building 
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TABLE 3.1 LIST REPRESENTATION 


Prolog List Representation 


no head no tail 





upon this representation it is very easy to develop user defined list processing 
functions such as appending an item to a list, deleting an item from a list and 
numerous others. 


2. Trees 





A tree data structure can be easily represented by using the list data 
structure. The tree data structure also facilitates representation of the chain of 
command hierarchy of military units. In the prototype there was a need to 
represent a three level tree. The root of the tree is the corps support command 
which has two support groups as its children. The support groups have various 
battalions as children. Finally, the battalions will have logistics companies as 
children. The companies will be the leaves of the tree. The tree diagram in Figure 


3.2 can be represented by the following list: 


[support group,|supply bns,maintenance bns,petroleum_bns]] 
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Figure 3.2 Tree Structure a Support Group 





Besides being an excellent representation for the command and control 
hierarchy, previously defined list processing functions can be used to manipulate 
the tree. Therefore, list functions can manipulate tree data structures. 

There are few comments regarding the tree data structure. The first 
point is that the level of nesting of lists corresponds to the level of the tree. The 
first level is the root of the tree and the last level of nesting represents leaves of 
the tree. For the purpose of the prototype, the tree is a multi-way tree, where the 
number of children for any tree node is at least two but less than seven [Ref.4]. 
This branching factor is limited because of the real-world constraint that limits a 


unit to commanding between two and seven units. 


C. USER INTERFACE 

The user interface can be divided into the input and the output requirements 
of the prototype. Each of these areas is discussed below. 

1. Input 

The prototype uses a menu-based approach to obtain user information 
necessary to reach conclusions regarding the requirements for logistics units. 
Menus provide an easy way for the user to specify the composition and the 
mission of the force. 

The menus used in the prototype were implemented by an "ask which" 
predicate written by Professor Rowe at the Naval Postgraduate School [Ref 5]. 
The "ask which" predicate provides the user with a set of questions which can be 
answered by a "yes" or a "no". The user is then asked to provide the numbers to 
those questions which can be answered by a "yes". The "ask which" predicate 
then asserts facts into the knowledge base on the basis of user responses. Table 
3.2 provides a sample menu, the user responses and the resulting facts that will be 


added to the knowledge base. 
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TABLE 3.2 USER MENU 
Menu for User Input 


1. Are "H" series armor divisions in the force? 

2. Are "J" series armor divisions in the force? 

3. Are "J" series mech divisions in the force? 

Give numbers of questions whose answer is yes. [1,2]. 


As a result of responding that questions 1 and 2 were true, 
the following facts were added to the knowledge base: 


| fact(armor h series). 
fact(armor j series). 





The menu-based approach is a good method to obtain all essential facts 
that are relevant to any planning situation. After the initial information is 
obtained, the prototype will only ask specific questions that are relevant to the 
user's previous question responses. For example, if a user specifies that armor 
divisions are in the force, the system will then ask the user how many. By only 
asking relevant questions in view of previous responses the system is able to 
present a more intelligent interface to the user. The interface also uses "demons" 
to activate procedures to update the knowledge base. Demons are procedures that 
are only activated when certain conditions are satisfied. For example, when the 
user specifies the force will be deploying to a cold environment, the cold weather 
condition will be added to the knowledge base. A demon can recognize the 
presence of this condition and make adjustments to the logistics consumption 


factors that will be increased in a cold environment e.g., clothing requirements. 
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2. Output 

The primary purpose of the prototype’s output was to provide the user 
with some indication as to why specific recommendations regarding force 
requirements were made. For example, the prototype may recommend that as a 
minimum, 2 supply and service units are needed to support a corps force 
regardless of its size and mission. Finally, the prototype displays the chain of 
command for the force in a column format. All companies commanded by a 
particular battalion are printed in a column that is shifted to the right of the 
battalion. Likewise, all battalions are printed in a column to the right of their 
commanding support group. See Appendices A and B if additional information 


on output formats is needed. 


D. KNOWLEDGE REPRESENTATION 

The knowledge associated with logistics planning was represented by rules. 
Rules were selected because of the natural way in which they represent the the 
knowledge of logistics planners. Besides reflecting the way that many experts 
solve logistics problems, rules are easily implemented in the PROLOG language 
used for the prototype. 

Rules have the format of "if condition(s) then action(s)". Table 3.3 provides 
some typical rules. It should be noted that some conditions can in fact be rules 
themselves. For example, the allocation of supply and service units is based upon 


the type of scenario. The scenario is determined by a scenario rule. Rules like 
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scenario are referred to as intermediate predicates. Intermediate predicates allow 
the generalization of several facts into a single concept. This abstraction greatly 
reduces the amount of conditions(or rule right sides) that must be listed. 

The PROLOG representation of some typical rules is also provided in Table 
3.3. The left sides of PROLOG rules i.e., the part before the ":-" symbol are facts 
if the rule right sides are true. 

A final note regarding rules concerns rule partitioning. The functional nature 
of logistics units allows very efficient partitioning of the knowledge base. For 
example. rules concerning supply units can be written into a file while rules for 
maintenance units can be placed into another. Partitioning eases development by 
allowing the problem to be decomposed by the divide and conquer strategy. More 
importantly however, partitioning can support more efficient implementation 
because the inference engine only needs the rules that are relevant to the problem 
at hand. Thus rules concerning maintenance units need not be in main memory 


when the expert system is determining supply unit requirements. 


E. INFERENCE ENGINE 

A backward-chaining-control structure was chosen for the inference engine of 
the prototype. With backward chaining the system starts with some goal and 
tries to prove it by use of the rules and facts contained in the knowledge base. 
The selection of backward chaining was based upon two factors. First of all, the 


backward-chaining-control structure is provided by the PROLOG interpreter and 
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TABLE 3.3 KNOWLEDGE REPRESENTATION 


Knowledge Representation 


Rules Prolog Representation 


If the corps is a heavy corps and scenario(1) :- 
the expected intensity is high fact(heavy corps), 
then planning is for a scenario fact(high intensity). 
of the first type. 







































If the scenario is of the first type and 
the number of divisions is known 
then 3 supply and service companies 
are required per division. 


unit(supply and Service company,Required):- 
scenario(1), 7 7 
number divisions(N), 
Required is N * 3. 
If the scenario is of the first type 
the climate is not cold 
then 5 lbs/man per day is the 
planning factor for miscellaneous 
equipment. 


factor(misc equip,5) :- 
scenario(1), 


not(fact(cold)). 


thus eliminated the development of another control structure. Secondly, 
backward chaining appears more efficient because it focuses on conclusions 
relevant to a particular planning problem. Backward chaining does not waste 


time searching for information unrelated to the problem. 


F. CONFLICT RESOLUTION 
Chapter II discussed the fact that recommendations concerning a unit may 
conflict. For example, one rule may recommend that only one general supply 
company is needed while another rule may recommend that two are needed. 
Because of the potential for conflicting recommendations, the format for rules 


concerning unit requirements is as follows: 


unit(Type Unit,[Number Recommended,Reason]) :- conditions. 
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The use of the above format allows the prototype to collect all 
recommendations regarding a particular unit as well as the reason for the 
recommendations. It should also be noted that when the above rule is invoked, 
the "Type Unit" and "Reason" are bound and "Number Recommended" is 
unbound until the rule succeeds. There are four possible types of 
recommendations: "minimum", "general","special" and "analogy". A "minimum" 
type recommends a minimum number of required units regardless of mission 
characteristics. A "general" makes recommendations based upon a quantitative 
factor e.g., one unit per 8000 soldiers in the force. A "special" makes 
recommendations based upon the special characteristics of the mission provided 
by the user. Finally, an "analogy" recommends a _ required number by 
determining the number required in an existing corps force with a similar mission. 

The reasons types discussed above are used to assign relative weights to the 
recommendations made by the prototype. Table 3.4 shows an example of some 
possible recommendations made by the prototype. The sum of column 4 below is 
divided by the sum of column 3 in order to obtain a weighted average for the 
recommendations i.e., 2. When recommendations are made that fall below a 
"minimum" recommendation, they are eliminated from the list of 
recommendations. The conflict-resolution strategy also performs integer division 
and ignores the fractional part of the divison in order to determine weighted 
averages. A more liberal approach of performing division and rounding to the 


nearest whole integer value should be adopted in any future versions of the 
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prototype. Weighting factors are similar to global constants in traditional 


programming languages and may be modified quite easily. 


G. TREE BUILDING ALGORITHM 
The previous sections identify how the prototype made recommendations 
concerning the need for particular logistics units. When conflicting 
recommendations are made, a conflict resolution strategy was employed to reach a 
final conclusion. This section concerns the arrangement of units into battalions 
and support groups in order to provide a chain of command to the logistics force. 
1. Nature of Problem 
As was discussed in Chapter II, a chain of command must be provided to 
the logistics units that ensures the optimal arrangement of units into different 
groups i1.e., battalions and support groups. Combinatorial mathematics is the 
discipline normally associated with the optimal arrangement of objects [Ref. 6]. 
Unfortunately, traditional methods of combinatorial mathematics which 


guarantee optimal solutions may not be appropriate to the present problem of 


TABLE 3.4 CONFLICT RESOLUTION STRATEGY 

















Conflict Resolution Strategy 






Recommendation Reason 
1 general | 1 1 
1 minimum 1 
Z analogy 3 
3 special Z 
SUM “ 
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arranging units into battalions and support groups. This is due to the fact that 
enumeration of all possible solutions to the problem may require an unacceptable 
amount of computing time. Furthermore, it may be impossible to specify what 
exactly an optimum arrangement may be in quantitative terms. In view of these 
problems, it was determined that a heuristic approach providing an acceptable 
solution to the problem was needed, even though the solution may not guarantee 
an optimal solution. 
2. Problem Solution 

A heuristic approach to the problem was chosen that uses the concept of 
a "greedy" algorithm to reach a near optimal solution. Greedy algorithms ensure 
that choices made at each step of a solution process will not need to be retracted 
at a later steps of the process by backtracking. The greedy algorithm is more 
commonly used in problems such as transportation networks where the goal is to 
find the best path through a network based upon some criteria e.g., maximum or 
minimum capacity of the network. 

The concept of the greedy algorithm was used to determine an acceptable 
solution to the unit arrangement problem. This was possible because the chain of 
command structure requires the piecemeal building of a _ hierarchical 
organizational structure or tree diagram from the bottom-up. Companies must be 
assigned to battalions before battalions can be assigned to support groups. At 
each step of this tree building process, the best assignment of units is made 


locally. For example, the best assignment of units is made to make balanced 
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battalions without regard to balancing support groups. Once battalions have been 
developed, the best assignment of battalions is made to balance the capabilities 
between two support groups. 

The formal representation of the tree building algorithm is discussed in 
Figure 3.3. The terminology of "children" and "parent" used when discussing 
tree data structures is analagous to the command relationship that exists between 
companies(children) and battalions(parents). Likewise, battalions are children to 
the support groups. 

The tree building algorithm is general enough that it can be used to 
allocate units to battalions and battalions to support groups. To _ better 
understand the allocation process, Table 3.5 shows 4 supply and service 
companies, 2 general supply companies and 1 repair parts company being 
allocated to 2 supply battalions. The algorithm also ensures that a height- 
balanced-multi-way tree is produced |Ref. 4]. 

The chain of command strategies of "mixed" and "pure" discussed in 
Chapter II are easily implemented by the prototype using the same tree building 
algorithm. The only difference between the two strategies concerns the initial 
step of collecting units to be distributed to parents. The "mixed" strategy collects 
units by functional specification only e.g., supply while the "pure" strategy 
collects units to be distributed by functional specification and capability e.g., 


supply and direct support. 


o4 


Lo) 


Oy 


Create a list of candidate children, segregated by type, that can be assigned 
to the same type parents. For example, supply units can be assigned to 
supply battalions. All company sized units must be assigned to battalions 
before battalions can be assigned to support groups. 


Determine the number of parents needed to allocate the list of children 
identified in "1" above. Then create an ordered list of "N" parents that the 
list of children identified in "1" above can be allocated to. eg., 
[[supply battalion1],[supply battalion2]...[supply battalionN]]. 


Remove the first element of the children list and assign it to a parent as 
follows: 


a. If all parents have an equal number of children then assign to to 
the first parent in the parent list. 


b. If all parents are not equal then assign to the first parent that has 
one less than its immediate predecessor. 


Repeat step "3" until the children list is exhausted. 


Repeat step "1" until all children i.e., supply.maintenance and petroleum 
companies have been assigned parents. The last iteration should be the 
assignment of the battalions that have been created to two support 
groups. 


Figure 3.3 Tree Building Algorithm 
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TABLE 3.5 TREE BUILDING ALGORITHM EXAMPLE 


<= 


Tree Building Algorithm Example — 


Step Supply Battalion 1 Supply Battalion 2 
Step? | supply E service company | 
Step 3 | supply & service company | supply & service company 

supply & service company | supply & service company 
supply & service company | supply & service company 
Step 6 | supply & service company | supply & service company 
supply & service company 
Step 7 | supply & service company 
supply & service company 
supply & service company 
supply & service company | supply & service company 
supply & service company general supply company 


Step 4 | supply & service company | supply & service company 
supply & service company 
Step 5 
supply & service company | supply & service company 
Step 8 supply & service company | supply & service company 
general supply company 


















supply & service company 
supply & service company 
general supply company 


supply & service company 
supply & service company 
supply & service company 
general supply company 


Step 9 supply & service company 
supply & service company 
general supply company 


repair parts company 

















H. TREE BALANCING 

The final task of the prototype was to make adjustments to the initial 
recommendations so a more balanced force structure or tree could be developed. 
This was accomplished by adjusting initial recommendations for each type of unit 
so that the adjusted number represented a multiple of the number of battalions to 
which they would be assigned. This is done only when the adjustment 1s less than 
plus or minus 20 percent of the original recommendation provided by the 


prototype. For example, if 16 supply and service units are to be assigned to 3 
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supply battalions, the number of supply and service units would be adjusted to 
Foe Bice ite 20 percent constraint, the adjustment was made by selecting the 
closest multiple regardless of whether it was an increase or decrease. Using the 
previous example, the numbers 18 and 12 are also multiples of three but 15 is the 


closest multiple. 
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IV. RESULTS 


A. SYSTEM REQUIREMENTS 
The prototype was implemented on a Digital Equipment Corporation VAX 
11/785 minicomputer running the UNIX operating system. The prototype was 


written using a C-Prolog interpreter developed at the University of Edinburgh 


[Ref. 3]. 


B. SYSTEM si] AtistiCs 
The prototype occupies a maximum of 35.5K bytes of memory. Table 4.1 
provides some run time statistics on two test cases that were using the prototype. 


The output listing for both test cases are contained in Appendices A and B. 


C. TEST 1: HEARSeCORES 

Appendix A contains the results of running the prototype to determine the 
logistical units needed to support a 6 division force consisting of heavy armor and 
mechanized units. As should be expected the force requires significant logistical 


support 1.e., 54 units. 
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TABLE 4.1 RUN TIME RESULTS 


| - System Run Time Results | 
Test Connect-Time | CPU-Time | Global Stack | Local Stack | 
Seconds Seconds K-bytes K-bytes 
Test 1 eka alt OOo | 6 laa tl 54 
Test 2 Jo 20.85 20 29 


Be fest 2: LIGHT CORPS 

Appendix B contains the results of running the prototype to determine the 
logistical units needed to support a 3 division force consisting of light airborne 
and infantry divisions. As should be expected the logistics force is considerably 


smaller than the previous one 1.e., 27 units versus 54. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The adoption of an expert systems approach to the domain of logistics 
planning appears to be technically feasible. In particular, an expert systems 
approach appears to be an excellent way to resolve logistics planning since it relies 
so heavily upon heuristics. The PROLOG language was an excellent tool to 
develop the prototype. 

The translation of logistics rules or heuristics into encoded PROLOG rules 
was easily accomplished. Any serious implementation of an expert logistics 
planning system would require a substantial increase in knowledge engineering to 
meaningfully capture the entire complexity of the problem. Once the knowledge 
engineering task is adequately performed however, the task of enhancing the 
knowledge base can accomplished and the resulting performance of the system 
improved markedly. 

Although other control structures exists, the backward-chaining-control 
structure appears to best suited to the task because it focuses on relevant 
conclusions needed to determine solutions. This could also be a benefit to future 
implementations since backward chaining is provided in the PROLOG language 


and also in most expert systems shells currently available. 
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The problem of arranging logistics units into a structured force i.e., battalions 
and groups, proved to be one of the most interesting problems of the thesis. This 
thesis presents one method to solve the problem. The solution technique 
highlights one of the most important aspects of expert systems: the ability to 
resolve problems by rules or heuristics when more traditional algorithmic solutions 
are not feasible or practical. Good heuristic solutions to allocation problems could 
be used in numerous application areas. 

The functional nature of logistics e.g., supply, maintenance, etc. suggests that 
a full implementation of a logistics planning system could be developed to work in 
a parallel processing environment. For example, one processor could be working 
on supply units while another is working on maintenance units to develop the 
required supply and maintenance battalions needed by the force. The resulting 
battalions could then be allocated to the support groups by another processor. 
This ability could significantly increase performance of the system and reduce any 
criticism about the slowness of expert systems. 

A full development of the system could provide extensive explanation 
facilities to increase the interaction between users and the system. A human 
expert could then override the system when recommendations and corresponding 
explanations do not appear to be plausible. The system could also be developed 
for Computer-Aided Instruction so students could gain instant feedback on the 


relationships between the combat force and the logistics force. 


41 


Perhaps the biggest weakness of the prototype is possible resistance of users to 
accept and use the system. Skeptics will be quick to point to its weaknesses and 
its shortfalls. This situation should not preclude adopting the system, but it does 
emphasize the need for good knowledge engineering to ensure that the system 
adequately represents the knowledge possessed by experts. It should also be 
recognized that the system will, like most human experts, make mistakes. Making 
mistakes is not a reason for abandoning the system, but an opportunity to 
improve the system by giving it additional knowledge to preclude repetition of the 
error. Despite these possible problems, an expert system(if properly implemented) 


can perform the tasks of experts in a rigorous way on a daily basis. 


B. RECOMMENDATIONS 

It is recommended that an enhanced prototype be developed. During 
development, extensive effort should be made to capture expert knowledge from 
domain experts. The enhanced prototype should then be tested against the 
experts to determine its performance and practicality. 

It is also recommended that additional research be performed to determine 
the applicability of rule-based methods of determining solutions to allocation 
problems. In particular allocation or arrangement of objects into a balance tree 


structure should be pursued. 
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APPENDIX A 


TEST 1: HEAVY CORPS 


% prolog 

1:Are "J" series armor divisions in the force? 
2:Are "H" series armor divisions in the force? 
3:Are "J" series mech divisions in the force? 
4:Are "H" series mech divisions in the force? 
d5:Are airborne divisions in the force? 

6:Are air assault divisions in the force? 

7:Are motorized divisions in the force? 

8:Are light infantry divisions in the force? 
9:Are standard infantry divisions in the force? 
Give number of only question whose answer is yes.[1.2,3]. 


Please enter the number of "J" series armor divisions’ 1. 
Please enter the number of "H" series armor divisions? 2. 
Please enter the number of "J" series mech divisions’3. 


1:Is the force to be engaged in a low intensity conflict? 
2:Is the force to be engaged in a mid intensity conflict? 
3:Is the force to be engaged in a hi intensity conflict? 
Give number of only question whose answer is yes.[3}. 


1:Is the force to be depoloyed to a cold environment? 
2:Is the force to be deployed to a temperate climate? 
3:Is the force to be deployed to a hot environment? 
Give number of only question whose answer is yes.|1]. 


The daily force requirement for rations is: 212 short tons 

The daily force requirement for misc equip is: 318 short tons 

The daily force requirement for petroleum is: 2862 short tons 

The daily force requirement for armmo is: 1855 short tons 

The daily force requirement for barrier materiel is: 424 short tons 
The daily force requirement for personnel items is: 159 short tons 
The daily force requirement for major items is: 954 short tons 
The daily force requirement for medical items is: 106 short tons 
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REQUIREMENTS ANALYSIS FOR: heavy-materiel company 
INITIAL RECOMMENDATIONS: 7 
[1.general] 
[1.minimum] 
[2.analogy] 
[2 special] 
REVISE D-LIS i 
[1.general] 
[1.minimum] 
|2.analogy] 
[2.special] 
FINAL RECOMMENDATION: 
] 


REQUIREMENTS ANALYSIS FOR: supply-and service company 
INITIAL RECOMMENDATIONS: 5 - 
|4.general| 
[6.minimum| 
[16.analogy| 
|18,special] 
REVISED LIST: 
[6. minimum] 
[16 analogy] 
|18.special] 
FINAL RECOMMENDATION: 


lo 
REQUIREMENTS ANALYSIS FOR: general-supply company 


INITIAL RECOMMENDATIONS: 
2,general| 
[2. minimum] 
[3.general| 
[6 special] 
|8.analogy| 
Rena Deh Saas 
|2.general] 
[2.minimum|] 
[3.general] 
|6.special] 
[8.analogy]| 
FINAL RECOMMENDATION: 


o 
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REQUIREMENTS ANALYSIS FOR: repair-parts supply company 


INITIAL RECOMMENDATIONS: 
[1 analogy] 
[1.minimum|] 
[3.general] 
he wis LIST: 
[1 analogy] 
[1.minimum] 
[3,general] 
FINAL RECOMMENDATION: 
1 


REQUIREMENTS ANALYSIS FOR: maintenance-company dsfwd 
INITIAL RECOMMENDATIONS: y 
[4.minimum| 
[12.special] 
Me wSED LIST: 
[4.minimum| 
|12.special] 
PRNAL RECOMMENDATION: 
9 


REQUIREMENTS ANALYSIS FOR: maintenance company-dsrear 
INITIAL RECOMMENDATIONS: - 
[2.minimum] 
[6.special] 
Reon) LIST: 
[2.minimum] 
[6.special] 
Pial RECOMMENDATION 
+ 


REQUIREMENTS ANALYSIS FOR: light-maintenance company gs 
INITIAL RECOMMENDATIONS: 
'4.minimum| 
[12.special] 
Powis bist: 
[4.minimum] 
[12. special] 
FINAL RECOMMENDATION: 
9 
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REQUIREMENTS ANALYSIS FOR: petroleum-supply company 
INITIAL RECOMMENDATIONS: 
(6,minimum|] 
[13,general] 
REVISED Ets! : 
(6, minimum] 
/13,general] 
FINAL RECOMMENDATION: 
9 


REQUIREMENTS ANALYSIS FOR: medium-truck company 
INITIAL RECOMMENDATIONS: 7 
|2.analogy| 
|2,general| 
(2, minimum] 
REVISED LIST: 
[2.analogy] 
|2.general| 
[2.minimum| 
FINAL RECOMMENDATION: 
2 


= 
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COMMAND AND CONTROL STRUCTURE USING MIXED ALGORITHM: 


Ist SPT GRe 
Ist SUPP BIN 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th repair-parts supply company 
5th general-supply company 
2ndiSUPPLY BNw 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service ‘company 
4th supply-and service company 
oth general-supply company 
6th general-supply company 
lst MAINT BN . 
lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th light-maintenance company gs 
oth light-maintenance company gs 
2nd MAINT BN 
Ist maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th light-maintenance company gs 
5th light-maintenance company gs 
6th light-maintenance company gs 
PETROL BN - 7 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th petroleum-supply company 
oth petroieum-supply company 
6th medium-truck company 


ls 


ct 
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2nd Sty Gites 
ist SUP ee BN 

Ist supply-and service company 

2nd supply-and service company 

3rd supply-and service ‘company 

4th supply-and service company 

oun general-supply company 

2ndieBeLYeEN | 9 

lst supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th supply-and service company 
Sth heavy-materiel company 
6th general-supply company 
MAINT BN 
lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th light-maintenance company gs 
5th light-maintenance company gs 
2nd MAINT BN 7 
lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company “dsfwd 
4th maintenance-company dsfwd 
5th light-maintenance company gs 
6th light-maintenance company gs 
PETROL BN 
lst petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th petroleum-supply company 
5th medium-truck company 


ls 


cata 


ls 


cata 
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THE FOLLOWING RECOMMENDATIONS WERE MADE TO BALANCE THE FORCE: 
The old number for supply-and service company was changed from 15 to 16. 
The old number for general-supply company was changed from 5 to 4 . 

The old number for maintenance-company dsfwd was changed from 9 to 8. 
The old number for light-maintenance company gs was changed from 9 to 8. 
The old number for petroleum-supply company was changed from 9 to 10. 


COMMAND AND CONTROL STRUCTURE USING MIXED ALGORITHM 
AFTER BALANCING: 


tsi OP LG 

lst SUPPLY BN 
lst supply-and service company 
2nd supply-and service company 
3rd supply-and “service ‘company 
4th supply-and service company 
5th general-supply company 

2nd SUPPRAMBNS =” 
lst supply-and service company 
2nd supply-and service company 
ord supply-and_ service ‘company 
4th supply-and service company 
5th heavy-materiel company 
6th general-supply company 

Ist MAINT BN 5 
lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company _dsfwd 
4th light-maintenance company gs 
Sth light-maintenance company gs 

2nd MAINT BN - if 
Ist maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company -dsfwd 
4th light-maintenance company gs 
oth light-maintenance company gs 

ist PETROL BN 7 - 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th petroleum-supply company 
Sth petroleum-supply company 
6th medium-truck company 
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Te SE mete 
Ist SUPELY BN 


Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th supply-and service company 
oth general-supply company 


2nd Ser? LY waN 


Ist 


lst supply-and service company 
2nd supply-and service company 
3rd supply-and “service ‘company 
4th supply-and service company 
5th repair-parts supply | company 
6th general-supply company 
MAINT BN 

Ist maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company _dsfwd 
4th light-maintenance company gs 
Sth light-maintenance company gs 


2nd MAINT BN 


Ist 


lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th light-maintenance company gs 
oth light-maintenance company gs 
PETROL BN 

Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th petroleum-supply company 
5th petroleum-supply company 
6th medium-truck company 
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COMMAND AND CONTROL STRUCTURE USING PURE ALGORITHM: 


Ist SPT GRP 
lst MAINT BN 
Ist light-maintenance company gs 
2nd light-maintenance company gs 
3rd light-maintenance company gs 
4th light-maintenance company gs 
2nd MAINT BN 7 7 
lst maintenance company-dsrear 
2nd maintenance company-dsrear 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
oth maintenance-company dsfwd 
6th maintenance-company dsfwd 
SUPPLY BN - 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th supply-and service company 
5th supply-and service company 
2nd SUPPLY BN _ 7 
Ist repair-parts supply company 
2nd heavy-materiel company 
ord general-supply company 
4th general-supply company 
Sth general-supply company 
6th general-supply company 
Ist PEGROL BN 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th petroleum-supply company 
Sth petroleum-supply company 
6th medium-truck company 


ls 


eS 


ol 


2nd Sie EG kee 
Ist MAINT BN 
Ist light-maintenance company gs 
2nd light-maintenance company gs 
3rd lght-maintenance ‘company gs 
4th light-maintenance company gs 
2nd MAINT BN ¥ 7 
lst maintenance company-dsrear 
2nd maintenance company-dsrear 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
5th maintenance-company dsfwd 
6th maintenance-company dsfwd 
ist SUPPLY BN » 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th supply-and service company 
5th supply-and service company 
2nd SUPPLY BN © 7 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th supply-and service company 
oth supply-and service company 
6th supply-and service company 
PETROL BN © 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th petroleum-supply company 
Sth petroleum-supply company 
6th medium-truck company 


ls 


cate 


| Prolog execution halted | 
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Pest 2 rich CORPS 
“ prolog 
1:Are "J" series armor divisions in the force? 
2:Are "H" series armor divisions in the force? 
:Are "J" series mech divisions in the force? 
:Are "H" series mech divisions in the force? 
:Are airborne divisions in the force? 
:Are air assault divisions in the force? 
:Are motorized divisions in the force? 
8:Are light infantry divisions in the force? 
9:Are standard infantry divisions in the force? 
Give number of only question whose answer is yes.{5.9]. 
Please enter the number of airborne divisions? 1. 
Please enter the number of standard infantry divisions?2. 


~1 &E Orta ww 


1:Is the force to be engaged in a low intensity conflict? 

2:Is the force to be engaged in a mid intensity conflict? 

3:Is the force to be engaged in a hi intensity conflict? 

Give number of only question whose answer is yes.[3}. 

“M 

l:Is the force to be depoloved to a cold environment? 

2:Is the force to be deployed to a temperate climate? 

3:Is the force to be deployed to a hot environment? 

Give number of only question whose answer is yes.[2]. 

ot 

The daily force requirement for rations is: 98 short tons 

The daily force requirement for misc equip is: 122 short tons 
The daily force requirement for petroleum is: 1151 short tons 
The daily force requirement for ammo is: 612 short tons 

The daily force requirement for barrier materiel is: 196 short tons 
The daily force requirement for personnel items is: 73 short tons 
The daily force requirement for major items is: 367 short tons 
The daily force requirement for medical items is: 24 short tons 
“M 


REQUIREMENTS ANALYSIS FOR: heavy-materiel company 
INITIAL RECOMMENDATIONS: - 
[l.analogy| 
[1.general] 
[1.minimum] 
[1 special] 
REMISEDehisa 
[1 analogy] 
[1.general] 
[1,minimum]| 
[1 special] 
FINAL RECOMMENDATION: 
1 
REQUIREMENTS ANALYSIS FOR: supply-and service company 
INITIAL RECOMMENDATIONS: - - 
[1.minimum] 
[2.general| 
[6.special] 
i8.analogy] 
REVISED isa 
[1.minimum} 
[2.general] 
|6.special| 
[8.analogy| 
FINAL RECOMMENDATION: 


od 


REQUIREMENTS ANALYSIS FOR: general-supply company 
INITIAL RECOMMENDATIONS: - 
[1.general| 
[1 .minimum] 
[1.special]| 
[4 analogy] 
REVISED LIST: 
[1,general| 
[1.minimum] 
{1 special] 
[4 analogy] 
FINAL RECOMMENDATION: 


Ys 


REQUIREMENTS ANALYSIS FOR: repair-parts supply company 
INITIAL RECOMMENDATIONS: 


o4 


[1 analogy] 
[1.minimum] 
[3.general] 
Rae ier D LIST: 
[1 analogy] 
[1.minimum] 
[3.general] 
FINAL RECOMMENDATION: 
1 


REQUIREMENTS ANALYSIS FOR: maintenance-company dsfwd 
INITIAL RECOMMENDATIONS: - 
[3.special] 
[4.minimum|] 
[10.analogy] 
heels mrs 1: 
[4.minimum| 
[10.analogy] 
FINAL RECOMMENDATION: 
8 


REQUIREMENTS ANALYSIS FOR: maintenance company-dsrear 
INITIAL RECOMMENDATIONS: . 
[1 special] 
[2.minimum] 
[5.analogy] 
ew isi LIST: 
[2.minimum] 
[5.analogy] 
FINAL RECOMMENDATION: 
4 


REQUIREMENTS ANALYSIS FOR: light-maintenance company gs 
INITIAL RECOMMENDATIONS: - - 
[2.minimum] 
[3.special] 
Rew lSED LIST: 
[2.minimum] 
[3 special] 
FINAL RECOMMENDATION: 
Z 


REQUIREMENTS ANALYSIS FOR: petroleum-supply company 
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INITIAL RECOMMENDATIONS: 
[1.minimum] 
[5.general] 
REVISED LIST: 
[1.minimum] 
[5.general| 
FINAL RECOMMENDATION: 
3 


REQUIREMENTS ANALYSIS FOR: medium-truck company 
INITIAL RECOMMENDATIONS: - 
[1,general] 
[1.minimum] 
[2 analogy] 
REVISED LIST: 
[1.general] 
[1.minimum] 
[2 .analogy| 
FINAL RECOMMENDATION: 
iL 
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COMMAND AND CONTROL STRUCTURE USING MIXED ALGORITHM: 


istSPT GRP 
Ist SUPPLY BN 


lst supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th heavy-materiel company 
oth general-supply company 


Ist MAINT BN 


ls 


Canta 


lst maintenance company-dsrear 
2nd maintenance company-dsrear 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
5th light-maintenance company gs 
PETROL BN . f 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th medium-truck company 


2nd SPT GRP 
Ist SUPPLY BN 


Ist supply-and service company 

2nd supply-and service company 
3rd repair-parts supply company 
4th general-supply company 


Ist MAINT BN 


lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 


2nd MAINT BN 


lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
Sth light-maintenance company gs 
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THE FOLLOWING RECOMMENDATIONS WERE MADE TO BALANCE THE FOR 
The old number for supply-and service company was changed from 5 to 6 . 
The old number for maintenance-company dsfwd was changed from 8 to9 . 
The old number for maintenance company-dsrear was changed from 4 to 3. 
COMMAND AND CONTROL STRUCTURE USING MIXED ALGORITHM 
AFTER BALANCING: 
Ist SPT Give 
lst SUPPLY BN 
lst supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th heavy-materiel company 
oth general-supply company 
Ist MAINT BN 
Ist maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
oth hght-maintenance company gs 
Ist PETROL BN 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th medium-truck company 


2nd SPf Give 

lst SUPPLY BN 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and “service ‘company 
4th repair-parts supply company 
Sth general-supply company 

Ist MAINT BN 
Ist maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 

2nd MAINT BN 
lst maintenance company-dsrear 
2nd maintenance-company dsfwd 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
Sth light-maintenance company gs 
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COMATAND AND CONTROL STRUCTURE USING PURE ALGORITHM: 


ister f GRP 

Ist MAINT BN 
Ist maintenance company-dsrear 
2nd maintenance company-dsrear 
3rd maintenance-company dsfwd 
4th maintenance-company dsfwd 
oth maintenance-company dsfwd 
6th maintenance-company dsfwd 
SUPPLY BN - 
Ist supply-and service company 
2nd supply-and service company 
3rd supply-and service company 
4th supply-and service company 
Sth supply-and service company 
6th supply-and service company 
PETROL BN 
Ist petroleum-supply company 
2nd petroleum-supply company 
3rd petroleum-supply company 
4th medium-truck company 


Is 


ct 


ls 


+ 


Dado r eG tas 
Ist MAINT BN 
Ist light-maintenance company gs 
2nd light-maintenance company gs 
2nd MAINT BN 
Ist maintenance company-dsrear 
2nd maintenance-company dsfwd 
ord maintenance-company dsfwd 
4th maintenance-company dsfwd 
Sth maintenance-company dsfwd 
6th maintenance-company dsfwd 
SUPPLY BN 
Ist repair-parts supply company 
2nd heavy-materiel company 
3rd general-supply company 
4th general-supply company 
| Prolog execution halted | 


Is 


ot 
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APPENDS 


SOURCE CODE 


/*The "logistic force" predicate is the top level predicate used by the logistics 
planning system. The first call is to load the system via the "load system" 
predicate. After all necessary files have been loaded the user is queried for the 
composition of force via the "force list" predicate. Next the user is asked for 
information about unique mission characteristics via the "environmental factors" 
predicate. Finally, after all necessary input data has been provided to the system, 
a series of calls "requirements" is made to determine the actual type and 
quantitity of logistic units that are needed. Command and control of selected 
units is determined by the "tree" predicate. * / 


logistic force :- 
prog({load system, 
force list. 
environmental factors. 
doall(calculate). 
requirements(heavy-materiel company,supply,gs), 
requirements(supply-and “service company,supply,ds) , 
requirements(general-supply company,supply,gs), 
requirements(repair-parts supply company,supply,gs), 
requirements ts(maintenance-company dsfwd,maintenance,ds), 
requirements(maintenance company-dsrear,maintenance.ds), 
requirements(light-maintenance company gs.maintenance,gs). 
requirements(petroleum-supply _company,petroleum gs), 
requirements(medium-truck company,petroleum.gs). 
clean dbase. tree(mixed,1), balance tree, tree(mixed.2). 
tree(pure,3)]). 


/* This procedure loads all necessary files for the logistics planning system * / 
load system :- 

consult(estimator), consult(scenario), 

consult(factors). consult(demons), 

consult(ask). consult(ask1), 

consult(ask2), consult(explain), 

consult(questions), consult(materiel), 

consult(supply), consult(repair), 

consult(supply2). consult(ds maint rear), 
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consult(ds maint fwd), consult(gs maint light). 
consult(petrol), consult(balance). 
consult(tree), consult(lists). 


/*The following predicates are used to query the user by means of a menu to 
determine the force list and the mission characteristics of the corps force. When 
triggered the "demon" predicate causes the further questioning of the user based 
upon initial responses to the first menu. */ 
force list :- 
ask which([armor j series,armor h series,mech j series, 
mech h series.airborne.air assault,motorized ec infantry, 
infantry|),doall(demon).nl.nl. 


environmental factors :- 
ask which({low.mid.hi]), nl.nl, 
ask which(|{cold,temperate,hot]) ,nl,nl. 


/*This predicate readjusts initial reeommendations so that a more balanced force 
can be assembled.* / 
balance tree:- 
balance(heavy-materiel company,supply.gs). 
balance(supply-and service company.supply,ds) 
balance(general-supply company.supply,gs). 
balance(repair-parts supply company.supply,gs). 
balance(maintenance-company dsfwd,maintenance.ds). 
balance(maintenance company-dsrear.maintenance,ds), 
balance(light-maintenance company gs.maintenance,gs), 
balance(petroleum-supply company.petroleum,gs), 
bal lance(medium-truck company,petroleum,gs) snl. 
/* "prog" is equivalent of a Lisp PROG construct: it does a list of predicate 
expressions in order, ignoring whether they succed or fail, without permitting any 
backtracking between them. */ 
prog(()) 
prog([{P|L]) :- not(negcall(P)), prog(L). 
negcall(P) :- not(poscall(P)). 
posealll( Pr) ---call(P). 
poscall(P). 
/““doall" is used to ensure all possible calls to a predicate have 1.e., it forces 
backtracking. * / 
doall(P) :- not(alltried(P)). 
alltried(P) :- call(P).fail. 
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/*This file is used to estimate the actual unit requirements of the Corps Support 
Command. The "requirements" predicate calls upon the rule base by means of 
the "setof" predicate. Because of conflicting recommendations, conflict resolution 
is provided by the "weighted avg" predicate . This predicate weights conclusions 
based upon whether they were based on specific, general, or analagous 
information about the proposed force that is being planned.* / 


/*This predicate collects the set of all recommendations concerning a type of unit. 
The set is a lists of list: each containing the number of units that were 
recommended and the basis for the reeommendation.* / 
requirements(Type of Unit.Category,Level) :- 

setof(X.unit(Type of Unit,X),L). 

write("REQUIREMENTS ANALYSIS FOR: *), write(Type of Unit).n],nl, 

write( INITIAL RECOMMENDATIONS:’),nl,writelist(L),nl. " 

write( REVISED LIST:’),nl, check(L,L1), writelist(L1).nl, 

weighted avg(Li.Type of Unit,Category,Level,Weighted Avg).nl, 

write(’ FINAL RECOMMENDATION: ’),nl. 

write(’ —’) .write(Weighted Avg).nl.nl. 


/*This predicate deletes all recommendations failing to meet minimum reqmts. */ 
check(Initial List,.New List) :- 

member({Value.minimum], Initial List), 

delete2(Value Initial List,New List). 


/*This predicate determines the weighted average of all unit recommendations” / 
weighted avg(L.Type of Unit.Category,Level,Weighted Av g) : 

weighted | sum(L.Weighted Sum.Divisor), 

Weighted Avg is ( Weighted Sum // Divisor), 

build’ troop. lise(Weighted! Ave y poem nae teeemmmte eI) 


/*This predicate asserts a fact "troop list" for each recommended unit.’ / 
build troop list(0. AnyType. AnyCategory.Level). 
build troop _ list (Number. Type | of Unit,Category.Level) :- 

N is Number -1. 

asserta(troop list(Type of Unit,Category,Level)). 

build troop _list(N, Type. of Unit,Category,Level). 
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/* This predicate is used by the "weighted avg" predicate above. It sums the list 
of weighted unit recommendations.” / 
weighted sum((|.0.0). 
weighted sum/( Rest].Total.Divisor):- 
weighted unit sum(First.Number,Number1). 
weighted sum(Rest.Total1.Divisor1), 
Divisor is Numberl + Divisorl, Total is Number + Totall. 





weighted unit sum([First,general].First,1). 

([First.minimum].First,1). 

weighted unit sum(([First.analogy].Number.3) :- Number is (First * 3). 
weighted unit sum({First.special]|.Number.2) :- Number is (First * 2). 


weighted unit sum 


/*The "tree" predicate is used to build the command and control structure of the 
support command. It takes all company sized units and forms battalion. Then it 
takes all battalion sized elements and forms the support groups. */ 


/*The first "tree" predicate structures the force into battalions with the same 
functional mission e.g.. supply. It does matter what level of support the unit 
provides. Direct and general support units may be in the same battalion.* / 
tree(mixed,H) :- 

bagof(X.Level “troop list(X,supply,Level),L),.keysort(L,LS1), 

bagof(Y,Level “troop _list(Y.maintenance,Level),L2).keysort(L2,LS2), 

bagof(Z,Level “troop list(Z,petroleum,Level),L3),keysort(L3.LS3). 

mixed(supply,LS1,L1 out). 

mixed(maintenance,LS2.L2 out), 

mixed(petroleum.LS$3.L3 out), 

append(L2 out.L1 out.L4). 

append(L3 out,L4.L5). 

mixed(spt grp.L5.L5 out). 

heading(H.Heading). write(Heading),nl.nl, 

pp(L5 out.5),update?. 


/’This "tree" predicate structures the force into battalions with the same 

functional mission and also separates direct support units from general support 

units. * / 

tree(pure,H) :- 
bagof(X.troop list(X.supply.gs).L1),keysort(L1,L1S). 
bagof (X.troop list(X.supply.ds),L2) ,keysort(L2,L28S), 
bagof(Y troop list(Y,maintenance,ds),L3),keysort(L3,L38), 
bagof(Y,troop list(Y.maintenance,gs),L4),keysort(L4.L4S), 
bagof(Z,troop list(Z.petroleum,gs) .LP).keysort(LP.LPS), 

pure(supply.gs.L1S,L1 out). 

pure(supply,ds,L2S,L2 out), 

pure(maintenance,ds,L3S,L3 out), 

pure(maintenance,gs,L4S,L4 out). 

pure(petroleum,gs,LPS,LPS out), 

append(L1 out,L2 out.L5). 

append(L3 out,L4 out ,L6). 

append(L5,L6.L7), 

append(LPS out.L7.L7 out). 

pure(spt grp. .dsgs.L7 out. Lfinal), 

heading(H.Heading). write(Heading),nl.nl. 

pp(Lfinal.5),update2. 
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/*The "pure" predicate forms direct or general support battalions to serve as 
parent units for direct or general support companies respectively.” / 
pure(Type.Level.L1,.New List) :- 

span of control(Type.Number). 

number pure _battalions(Type.Level.Number.Number1), 

create _battalions(Numberl. Type.Bn List), 

distribute(L1.Bn List,New List). 


/*The "mixed" predicate forms battalions on the basis of functional missions such 
as supply. Both direct and general support units with the same functional 
mission can be assigned to the same battalion. */ 
mixed(Type.L1.New List) :- 

span of control(Type.Number). 

number battalions(Type.Number.Number1). 

create battalions(Numberl.Type.Bn List). 

distribute(L1.Bn List.New List). 


/~The following predicate determines the number of battalions needed to 
command and control a specified number of companies.’ / 
number battalions(spt grp.Number,2). 
number _battalions(Type. Number.Numberl1) :- 
not(command(Type. AnyNumber)), 
bagof(X.Level “troop list(\.Type.Level),L). 
length(L.Len). 
factor(Len.Number.Numberl). 
asserta(command(Type.Number1)). 
number battalions(Type.Number.Numberl1) :- 
command(Type.Number]). 


number pure battalions(spt_grp.dsgs,Number.?). 
number pure battalions(Type.Level,Number.Number1) :- 
bagof(X.troop list(X.Type.Level).L). 
length(L,Len). 
factor(Len,Number,Number1). 


/°The "distribute" predicate assigns a list of candidate units to a parent 
headquarters. For example maintenance companies are distributed among 
maintenance battalions.*/ 
distribute({].Bn List.Bn List) :- 
distribute({X|Tail].Bn List.Bn “s :- 

add(X.Bn List.Bn. Boot 

distribute(Tail.Bn Misti Bn List2). 


add(X.Bn_ List,Bn List New) :- 
equal(Bn List), 


add first(X,Bn List.Bn List New). 


add(X.Bn List,New Bn List) :- 
not(equal(Bn List)), 
first small(Bn List,{[H,L]),append([X].L.N), 
replace([H,L],{[H.N].Bn List.New Bn List). 


add first(X.|[Head.Tail]] Bn List],Bn List New) :- 
append(|{X].Tail.New), 
append(|{[Head,New]],Bn List,Bn List New). 


first small({X,Y|L],X) :- 
second(X,T1),second(Y,T2). 
length(T1.N).length(T2,N1), N1 > N. 

first small([X.Y|L],Y) :- 
second(X.T1),second(Y,T2). 
length(T1,N),length(T2,N1), N > N1. 

first small([X.Y|L].Out) :- 
second(X.T1),second(Y.T2). 
length(T1.N).length(T2.N1), N1 = N, 
first small([Y|L].Out). 


/* This predicate creates battalions in order to distribute company company sized 
elements to the resulting battalions. */ 
create battalions(0, 1,/]). 
create battalions(Number,Type,|[Type,[Number]]|| Bn List]) :- 
N is Number - 1, 7 
create battalions(N,Type.Bn List). 


/* These are facts that determine number of units per type battalion.*/ nf 
span of control(supply,5). span of control(maintenance,5). 
span of control(spt grp,2). span of control(petroleum,5). 


/* These are facts that determine which headings to use as output to inform the 

user of which algorithm was used to determine command and control*/ 

heading(1, COMMAND AND CONTROL STRUCTURE USING MIXED ALGORITHM 
heading(2. COMMAND AND CONTROL STRUCTURE USING MIXED ALGORITHM 
heading(3, COMMAND AND CONTROL STRUCTURE USING PURE ALGORITHM? 
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/*The "balance" predicate attempts to ajust the recommendation for a specific 
type of uni: by increasing or decreasing the initial recommendation to the nearest 
multiple of the number of battalions. If the adjustment is within an acceptable 
tolerance of 20 percent. the adjustment is made so that battalions with the same 
mission have equal capabilities. * / 


balance(Type of Unit,Category.Level) :- 
bagof(Type of Unit,Level “troop _list(Type of Unit,Category.Level).List), 
length(List, Number Units). command (Category, Number _Bns). 
closest multiple(Number Bns,Number Units,Ans), 
check threshold(Number Units.Ans ,Ansl). 
adjust(Ansl.Type of Unit.Category,Level), 
revisions(Ans1. Number SU iiiis ye) orale tiata 


check threshold( Number Units.Ans,Ans) :- 
Ans > 0. 
Max Change is (Number Units * 0.25), 
Ans =< Max Change. - 


check threshold(Number Units.Ans.Ans) :- 
Ans < 0. 
NewaAns is (Ans ‘ -1). 
Max Change is (Number Units * 0.25). 
NewAns =< Max Change. 


check threshold(Number Units,Ans.0). 


revisions(O,Number Units,Type of Unit). 
revisions(Ans.Number Units.Ty pe of Unit) :- 
New Number Units is (Ans + “Number Units). 
write(’The old number for *), write(Type of Unit), 
write(’ was changed from ’), write( Number Units), 
write(" to /). write(New Number Units).write(’ .’),nl. 
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closest multiple(Number Bns,Number Units.Ans) :- 
Number Units =< Number Bns, Ans is (Number Bns - Number Units). 
closest -multiple(Number Bns.Number Units.0) :- 
R is (Number Units mod Number Bns). R = 0. 
closest multiple(Number _ Bns.Number Units.Ans) :- 
Lb is ((Number Units // Number _Bns) * Number Bns), 
Ub is (((Number Units + Number Bns) // Number _Bns} * Number Bns), 
D1 is Number Units - Lb, D2 is Ub- Number Units, - 
min2(D1. D2,Ans). 


min2(D1.D2.-D1):- D1 < D2. 
min2(D1.D2.D2) :- D1 >= D2. 


adjust(0.Type,Category,Level) :- 

adjust(Adj) Qty.Type,Category,Level) :- 
Adj Qty <0, Vi is Adj Qty + 1, 
retract (troop list(Type.Category.Level)). 
adjust(V1,Type,Category Level). 


adjust(Adj Qty,Type,Category,Level) :- 
Adj Qty > 0, Vlis Adj Qty - 1, 
asserta(troop list(Type.Category.Level)). 
adjust(V1,Type,Category,Level). 
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/*The "pp" predicate prints the hierarchical diagram for the support group. It 
accepts the representation of the support group as a list of lists. It indents for 
each level of the tree.* / 


Peat 1) -!. J is 1+ 5. pp(H.J), ppx{7T.J), nl. 


pp(X.]) :- 
not(member(X,{maintenance,supply,petroleum.spt grp])), 
not(number(X)), tab(I). , 
retract(fb(unit,L.Name)), write(L),write(’-’), write(X), 
NL is L + 1, asserta(fb(unit.NL,Name)),nl. 


pp(spt_grp.I) :- 
ip(spiseepes ot b GRP )7tab(1). write(2), write( = }, 
write, Set eGRP’), update? nl. 


Pye eie 
tab(I). retract(fb(X.L.Name)), 
write(L). write(-"), write(Name). 
NL is L + 1. asserta(fb(X.NL.Name)).nl. 


pp(X.J) :- tab(I), number(X), nil. 


ppx(]. ) :- retract(fb(unit.L.” ’)), asserta(fb(unit.1.° °)). 
ppx({H/T].1) :- pp(H.1). ppx(T-1). 


update? :- 
retract (fb(maintenance.L1, MAINT BN’)), 
asserta(fb(maintenance.1. MAINT BN’)), 
retract(fb(supply,L2,SUPPLY BN’)), 
asserta(fb(supply,1, SUPPLY BN’)). 
retract(fb(petroleum,L3, PETROL BN’)). 
asserta(fb(petroleum,1.. PETROL BN’)). 
retract(fb(spt grp.L4,5PT GRP’)). 
asserta(fb(spt grp,1.’SPT GRE We 
retract(fb(unit.L5.’ *)), asserta(fb(unit.1,° °)). 


foi, eee 

fb(maintenance.1. MAINT BN’). 
ID(stippkeia sorry BN’). 
fb(petroleum.1., PETROL BN’). 
fpieptyeup Iso GRP’). 
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/* The following rules are for selection of Supply and Service Companies.* / 


unit(supply-and service company,|Number of Units,special]) :- 
scenario(1). 
number divisions(N). 
Number of Units is N * 3. 


unit(supply-and service company,[Number of Units.special]) :- 
scenario(2), 
number divisions(N). 
Number of Units IseNe 2. 


unit(supply-and service company,[Number of Units,special]) :- 
scenario(3), 
number divisions(N). 
Number of Units is N * 1. 


unit(supply-and service company,[Number of Units,special]) :- 
scenario(4), 
number divisions(N). 
Number of Units is N * 1. 


unit(supply-and service company,[Number of Units,minimum)) :- 
heavy corps. 
number divisions(N). 
SID er sol emirate eee 


unit(supply-and service company,|Number of Units,minimum]) :- 
hght corps. 
number divisions(N). 
Number of Units is (N // 2). 


unit(supply-and service company,|[Number of Units,analogy]):- 
number divisions(N). 
Ne iN eon 
Number of Units 1s 8. 


unit(supply-and service company,|[Number of Units,analogy]):- 
number divisions(N). a 
Nee 
Number of Units is 16. 
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unit(supply-and service company,|Number of Units,general]) :- 
corps strength(X). 
Strength isa@x // 3). 
factor(Strength.8,Number of Units).!. 


unit(supply-and service battalion,|Number of Units,general]) :- 
Number of Units is 2. 


/*The following rules are for selection of General Supply Companies.* / 
unit(general-supply company,|/Number of Units,special]) :- 
scenario(1). — 
number divisions(N), 
Number of Units is (N * 1). 


unit(general-supply company.|Number of Units,special]) :- 
scenario(2). a 
number divisions(N). 
factor(N.2,.Number of Units). 


unit(general-supply company,|Number of Units.general]) :- 
number divisions(N). 
factor(N.3.Number of Units). 


unit(general-supply company.|Number of Units.analogy]) :- 
number divisions(N). 
N > 2.N < 5. Number of Units is 4. 


unit(general-supply company,|/Number of Units.analogy]) :- 
number divisions(N), 
eee 6. Number of Umits is 8. 


unit(general-supply company,|2,minimum]) :- heavy corps. 
unit(general-supply company.{1,minimum)) :- light corps. 


unit(general-supply company,|Number of Units.general]) :- 
corps strength(Total). factor(rations,N1), 
factor(misc equip.N2), factor(barrier materiel.N3). 
factor(personnel items.N4), R is (NI + N2 + N3 + N4). 
General Supply Reqmnt is ((R * Total) // 2), 
factor(General Supply Reqmnt.350,Number of Units).!. 
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/’ The following rules are for selection of Heavy Materiel Companies.* / 
unit(heavy-materiel company,|2.special]) :- 
scenario(1) . 


unit(heavy-materiel company,|1,special]) :- 
scenario(2) . 


unit(heavy-materiel company.|1,special]) :- 
scenario(3). 


unit(heavy-materiel company,[1,special]) :- 
scenario(4) . 7 


unit(heavy-materiel company.{1,analogy]) - 
light corps . 


unit(heavy-materiel company,[{2,analogy]) :- 
heavy corps. 


unit(heavy-materiel company,{1,minimum}). 
unit(heavy-materiel company,|Number of Units,general]) :- 


corps strength(Number) . 
factor(Number,85,Number of Units),!. 


/’ The following rules are for selection of Repair Parts Companies.’ / 
unit(repair-parts supply company,[1.minimum]). 
unit(repair-parts supply company,|l,analogy]). 


unit(repair-parts supply company,[Number of Units,general|) :- 
fact(no gs repair).factor(10.3.Number of Units). 


unit(aircraft missile repair-parts company,1). 


GZ 


/* The following rules are for selection of Maintenance Companies. * / 
unit(maintenance company-dsrear,|5.analogy]) :- 

number divisions(N). 

Nee. NO. 


unit(maintenance company-dsrear,|Number of Units,special]) 
scenario(1). 
number divisions(N). 
Number of Units is N * 1. 


unit(maintenance company-dsrear,|Number of Units,special]) : 
scenario(2), —_, 
number divisions(N), 
factor(N,2.Number of Units). 


unit(maintenance company-dsrear,|Number of Units,special]) : 
scenario(3), oe 
number divisions(N), 
factor(N,2,Number of Units). 


unit(maintenance company-dsrear,|[Number of Units,special]) : 


scenario(4), 
number divisions(N). 
factor(N.2.Number of Units). 


unit(maintenance company-dsrear,|2.minimum]). 


unit(maintenance-company dsfwd.[{10,analogy]) = 
number divisions(N). 
\ CRP < 5. 


unit(maintenance-company dsfwd.[Number of Units,special]) :- 
scenario(1), a 
number divisions(N). 
Number of Units is N * 2. 


unit(maintenance-company dsfwd.[Number of Units,special]) :- 
scenario(2), - 
number divisions(N), 
Number of Units is N 


unit(maintenance-company dsfwd.[Number of Units,special]) :- 
scenario(3), 
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number divisions(N), 
Number of Units is N. 


unit(maintenance-company dsfwd,|[Number of Units,special]) :- 
scenario(4), an 
number divisions(N), 
Number of Units is N. 


unit(maintenance-company dsfwd, |4,minimum]). 


unit(light-maintenance company gs,|10,analogy]) :- 
number divisions(N). - 
heavy corps. 
N > 20N <5. 


unit(light-maintenance company gs,|5,analogy]) :- 
number divisions(N). 
light-corps. 
Nie 2 Nee 


unit(light-maintenance company gs,|[Number of Units,special]) : 
scenario(1), - 7 a 
number divisions(N), 
Number of Units io ae 


unit(light-maintenance company gs,|[Number of Units,speciall) : 
scenario(2), — 
number divisions(N), 
Number of Units is N 


unit(light-maintenance company gs,|Number of Units,special]) : 
scenario(3), - - +<¢ 
number divisions(N), 
Number of Units is N. 


unit(light-maintenance company gs,[Number of Units,special]) : 
scenario(4). 
number divisions(N), 
Number of Units is N. 

unit(light-maintenance company gs,{2,.minimum]):- light corps. 


unit(light-maintenance company gs,|4,minimum]):- heavy corps. 
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/* The following rules are for selection of Petroleum Companies* / 
unit(petroleum-supply company.|Number of Units.minimum]) :- 
heavy corps.number divisions(Number of Units). 


unit(petroleum-supply company.[Number of Units,minimum]) :- 
light corps.number divisions(N). 
Number of Units is (N // 2). 


unit(petroleum-supply company,|Number of Units,general]) :- 
corps strength(X).. ms 
factor(petroleum.Y). 
days of supply(Z), 
Total Gallons is ((X * Y * Z * 300) // 2), 


factor(Total Gallons,1000000.Number of Units),'. 
days of supply(15). 


unit(medium-truck company.[2,analogy]). 

unit(imedium-truck company.|Number of Units.minimum]) :- 
bagof(X.troop list(petroleum-supply company.petroleum.gs),L), 
length(L.Len), factor(Len.5,Number of Units). 


unit(medium-truck company.|Number of Units.general]) = 
corps strength(X). 
factor(petroleum,Y). 
Reta) Dail Gallons is ((X * Y * 300) // 2), 
factor(Total Daily Gallons.450000.Number of Units) ae 
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/* The following rules are used to determine the applicable scenario‘ / 


scenario(1) :- 
fact(hi), 


heavy corps,!. 


scenario(2) :- 
fact (hi), 
light corps.!. 


scenario(3) :- 
fact(mid). 
heavy corps.!. 


scenario(4) :- 
fact(mid), 
light corps.!. 


scenario(5) :- 
fact(lo), 


heavy corps,!. 


scenario(6) :- 
fact(lo), 
light corps,!. 


heavy corps :- 
bagof(X.heavy(X).L),sum(L.S), 
bagof(Y light(Y),L1),sum(L1,$1), 
S >= 51. 


light corps :- 
bagof(X.heavy(X).L).sum(L,S). 
bagof(Y light(Y),L1).sum(L1,81), 


Se ole 


heavy corps :- 


heavy(X).not(light(Y)). 


light corps :- 
light(X), not(heavy(X)). 
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/* This file provides explanations to assist users in answering questions* / 
/*that thes may not fully understand? / 


explain(heavy corps) :- 
write(A heavy corps force is one that consists ’),nl, 
write(’of armor and mechanized infantry divisions.’).nl, 
write(*The force may have other types of divisions )},nl, 
write(*but the majority of its divisions should be’),nl, 
write(‘armor and mechanized infantry.’). 


explain(light corps) :- 
write(’A light corps force is one that consists of’),nl, 
write(of light. airborne. or airmobile divisions.’),nl, 
write(’The force may have other types of divisions’),nl, 
write(*but the majority of its divisions should be’).nl, 
write( ‘light, airorne. or airmobile divisions.’). 


explain(developed country) :- 
write("A developed nation is a nation that has an’‘),nl, 
write("industrialized economy. The term implies’),nl, 
write{‘the nation has a developed infrastructure’).nl. 
write( of roads, rail, airports. etc..’). 


explain(underdeveloped country) :- 
write(’An underdeveloped nation is one in which’).nl, 
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write( industrialized characteristics such as ).nl. 


write(’good road and rail facilities and aiport’),nl. 
write(‘are not present.’). 


explain(independent force) :- 
write("An independent force is one in which the’),nl, 
write( corps is expected to deploy and conduct’),nl, 
write(‘conduct combat operations without any’),nl, 
write(“accompanying friendly forces.’). 


explain(commz) :- 
write("‘A communications zone (commz) exists ’).nl, 
write(or will exist if a theater army and its’).nl. 
write(’associated support units will be present’).nl. 
in the area of operations providing support },nl, 


write("to corps support activities. ). 


s 
s 
e 
a 


( 
( 
write 
( 
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explain(strength) :- 
write(*The personnel strength extimate should be the’).nl. 
write(‘cumulative strength for all divisional and all’), nl, 
write(’nondivisional forces in the proposed corps force.’). 


explain(number of divisions) :- 
write(’*The number of divisions should only include the’),n], 
write(‘actual number of divisions or division equivalents’) ,nl, 
write(‘contained in the actual corps force.’). 


explain(non divisional strength) :- 


write( Nondivisional strength should only include the ’),nl. 
write( personnel strengths of the nondivisiona units in the corps.’). 
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/* This file contains a series of ask predicates that will only be'/ 
/*triggered based upon a certain force composition provided by the’ / 
/*the user during a previous menu session* / 


demon :- fact(armor j series), 
write("Please enter the number of "J" series armor divisions?’). 
read( Ans). 
Strength is i Ans. 
asserta(strength(Strength)), 
asserta(heavy(Ans)). 


demon :- fact(armor h series). 
write( Please enter the number of "H" series armor divisions?’), 
read(Ans). 
Strength is 19 * Ans. 
asserta(strength(Strength)), 
asserta(heavy(Ans)). 


demon :- fact(mech j series), 
write( Please enter the number of "J" series mech divisions?’), 
read(Ans). 
Strength is 17 * Ans. 
asserta(strength(Strength)), 
asserta(heavy(Ans)}). 


demon :- fact(mech h series), 
write( Please enter the number of "H" series mech divisions?’). 
read(Ans). 
Strength is 19 * Ans. 
asserta(strength(Strength)), 
asserta(heavy(aAns)). 
demon :- fact(airborne), 
write("Please enter the number of airborne divisions?’), 
read(Ans). 
Stremetm is 17 * Ans. 
asserta(strength(Strength)), 
asserta(light(Ans)). 


demon :- fact(motorized). write(’Please enter the number of motorized divisions?’), 
read(Ans). Strength is 14 * Ans, 
asserta(strength(Strength)). 
asserta(light(Ans)). 
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demon :- fact(air assault), 
write(’Please enter the number of motorized divisions?’), 
read(Ans). Strength is 19 * Ans, 
asserta(strength(Strength)), 
asserta(light(Ans)). 


demon :- fact(light infantry), 
write(Please enter the number of light infantry divisions?’), 
read(Ans), Strength is 10 * Ans, 
asserta(strength(Strength)), 
asserta(light(Ans)). 


demon :- fact(infantry), 
write(’Please enter the number of standard infantry divisions?’), 
read( Ans), 
Strength is 16 * Ans, 
asserta(strength(Strength)), 


asserta(light(Ans)). 
demon:- 
bagof eavy(X),L).sum(L,S}, 


(eek 
bagof(X.light(X).L1).sum(L1.S81), 
So SiS 42 ter 

asserta(number divisions(S3)). 


demon:- 
bagof(X .heavy(X),L).sum(L,S), 


asserta(number divisions(S)). 


demon:- 
bagof(X,light(X).L),sum(L.S), 


asserta(number divisions(S)). 


demon:- 
bagof(Strength.strength(Strength).L), 
sum(L.Corps Strength). asserta(corps strength(Corps Strength)). 


sum(|].0). 


suin({[X]L].Total) :- sum(L.Total2),Total is Total2 + X. 


80 


/*This file contains planning factors which are adjusted based upon’ / 
/*the operational characteristics of the particular scenario” / 


factor(rations.4). 
factor(misc equip.) :- scenario 


factor(misc equip.) :- scenario 
factor(mise equip.4) :- scenario(3 


- scenario(5 


TAelOr scenario(6 


(1). 
(2), 
(3). 
factor(misec equip.4) :- scenario(4). 
(5). 
(6). 
(1) 
(2 


(m 
( 
( 
( 

factor(mise equip.4) : 
(mise equip.4) : 
( 6) : 
( 6) : 
( 


factor(mise equip.6) :- scenario(1). fact(cold). 
factor(mise equip.6) :- scenario(2), fact(cold). 
factor(misc equip.4) :- not(scenario(X)). 
factor(petroleum.54) :- scenario(1). 
factor(petroleum.47) :- scenario(2). 
factor(petroleum.47) :- scenario(3). 
factor(petroleum.40) :- scenario(4). 
factor(petroleum.40) :- scenario(5). 
factor(petroleum.34) :- scenario(6). 
factor(petroleum.47) :- not(scenario({X)). 


factor ammo.35) :- scenario(1). 


PaeLnOrl aminmo.25) °- scenario 
factor(ammo.30 


fAq@wer| aIMimer2>) :- scenario(5). 


( ) (1) 

( ) (2). 

( ) :- scenario(3). 
factor(ammo.25) :- scenario(4). 

(am ) (5) 

( ) :- scenario(6). 

( ) :- not(scenario(X)). 


factor(amimo.20 
factor(ammo.30 


factor(barrier materiel.8). 


factor(personnel items.3). 


factor(major items,18) :- scenario(1). 
factor(major items.15) :- scenario(2). 
factor(major items,1 15) :- scenario(3). 
factor(major items.12) :- scenario(4). 
factor(major items,12) :- scenario(5) 
factor(major items,9) :- scenario(6). 
factor(major items,15) :- not(scenario(X)). 
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factor(medical items,1) :- not(scenario(1)). 
factor(medical items.2) :- scenario(1). 


/* The following procedures compute the gross tons of supplies needed * / 
/‘per day in the corps area.” / 


calculate :- 
corps strength(N). 
factor(X,N1), 
Requirement is ((N * N1)//2), 
write(’The daily force requirement for ’), 
write(X),write(’ is: ’). 
write(Requirement). write(’ short tons’).nl. 
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/* The following predicates are used to query the user by means of a menu to 
determine the force list and the mission characteristics of the corps force. 
When triggered the "demon" predicate causes the further questioning of the 
user based upon initial responses to the first menu. */ 


force list :- 
ask which([armor j seriesarmor h series,mech j series. 
mech h series.airborne,air _assault. motorized cc. infantry, 
infantry]) doall(demon). 


environmental factors :- 
ni.nl. 
ask which({low.mid.hil), 
ni.nl, 
ask which(|cold.temperate.hot]), 
nl.nl. 


/* This file contains question codes used by the ask predicate. In particular* / 
/*this file has questioncodes applicable to logistics force planning. These‘ / 

/* questioncodes allow terminal prompts to obtain specific information con- ~/ 
/ cerning the characteristics of a particular corps force so that logistical * / 
/*unit requirements can be determined‘ / 


/* The following questioncodes help determine the appropriate scenario‘ / 


questioncode(commz. Is a communications zone established in the area’). 
questioncode(developed country, "Is the area of operations in a developed country’). 
questioncode(independent _corps, "Is the force an independent corps’). 
questioncode(cold. Is the force to be depoloyed to a cold environment’). 
questioncode(temperate,’Is the force to be deployed to a temperate climate’). 
questioncode(hot, Is the force to be deployed to a hot environment’). 
questioncode(low, Is the force to be engaged in a low intensity conflict’). 
questioncode(mid. Is the force to be engaged in a mid intensity conflict’). 
questioncode(hi, ‘Is the force te be engaged in a hi intensity conflict’). 


/’ The following question codes assist in determining force composition * / 
questioncode(armor h series.’Are "H" series armor divisions in the force’). 
questioncode(armor j series. Are "J" series armor divisions in the force’). 
questioncode(mech h series. “Are "H" series mech divisions in the force’). 
questioncode(mech j series, Are "J" series mech divisions in the force’). 
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questioncode(infantry, Are standard infantry divisions in the force’). 
questioncode(airborne,’ Are airborne divisions in the force’). 
questioncode(air assault, Are air assault divisions in the force’). 
questioncode(motorized. Are motorized divisions in the force’). 
questioncode(light infantry,’Are light infantry divisions in the force’). 
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+ 


The following rules assist question-asking. The "ask" predicate * / 

asks the user a question. providing extra explanation if the user */ 

‘ types a question mark. and returns the answer (after caching it). */ 

‘ The "questioncode" and "explain" predicates must be provided by */ 

‘ the programmer: the first decodes questions. and the second provides * / 
additional information for particular questions when the user has */ 

’ trouble understanding. The "askif" predicate handles yes/no questions; * / 
it succeeds if the user answers positively. fails if the user answers * / 

‘ negatively, and prompts if the user answers anything else. */ 

’ Warning: do "abolish(asked.2))" to erase memory before a new problem. */ 


+ 


ad 


ee ee SS SS SSS 
-” 


askif(Qcode) :- ask(Qcode.A). positive answer(Qcode.A). 

askifnot(Qcode) :- not(askif(Qcode)). 

positive answer(Qcode.A) :- affirmative(A). 

positive answer(Qcode.A) :- not(negative(A)). not(affirmative(A)), 
write(’Please answer yes or no.’). read(A2). retract(asked(Qcode.A)), 
asserta(asked(Qcode.A2)), affirmative(A2). 

ask(Qcode.A) :- asked(Qcode.A). 

ask(Qcode.A) :- not(asked(Qcode.A)). questioncode(Qcode.Q), write(Q), 
write("? °). read(A2). ask2(Q.Qcode.A2.A). 

ask2(Q.Qcode,’?’.A) :- explain(Qcode).nl.ask(Qcode.A). 

ask2(Q.Qcode.A.A) :- not(A="?’), asserta(asked(Qcode,A)). 

afirmative(yes). 

afirmative(y). 

afirmative(ye). 

affrmativ Nt 

afirmative(ok 

tren. 

negative(no). 

negative(n). 

negative(not). 

negative(never). 

negative(impossible). 

negative(haha). 


ask which([A.B.C.D.E.F.G.H.IL]) :- 
screen ask which(|A,B,C.D,E.F.G.H.]],|A.B.C.D.EP,G.H.I)), 
ask which({L). 


ask which(\]). 


ask which(L) :- 
length(L.N), N < 10. N > 0, 
screen ask which(L.L). 


screen ask which([{X]L],L2) :- 
length(L,N), 
length(L2,N2), 
N3 is N2-N, 
write{N3), 
write(*:’), 
questioncode(X.Q). 
write(Q). 
write(’?’). 
me 
asserta(asked{X.no)), 
screen ask which(L,L2). 


screen ask which({].L2) :- 
write(’Give number of only question whose answer is ves. ). 
read(AL). 
create facts(AL,L2), 
Hite 


create facts({N|L].L2) :- 
iterm(N,L2.1]). 
assertz(fact(I)), 
retract(asked(I, ald 
eta i es 
create facts(L.L2). 

create facts({N|L].L2) :- 
not{item(N.L2.1)). 
create(facts(L.L2)). 

create facts({[].L2). 


item{1,/X|L],X). 
itemn(N.[X] L],I) :- 
N > 1, N2 isiN - 1. item(N2.L.]). 
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